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TO  HER 


ROYAL  HIGHNESS, 


PRINCESS  ROYAL. 


Madam, 

I BEG  permiffion  to  exprefs  my  grateful 
fenfe  of  the  honour  Your  Royal  Highnefs 
has  conferred  on  me,  in  permitting  thefe 
Volumes  to  be  infcribed  with  Your  Illuftrious 
Name. 

I mod  humbly  prefent  them  to  Your 
notice ; and  am  enabled  to  do  this  with  the 
greater  confidence,  from  the  nature  of  the  fub- 
jeft,  rather  than  from  the  manner  of  the  exe- 
cution. Every  day’s  obfervation  has  pointed 
out  the  boundlefs  wifdom  in  the  one,  and  the 
partial  knowledge  in  the  other. 
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Thefe 


IV 


DEDICATION. 


1 hefe  Le&ures  are  intended  as  a difplay 
of  the  divine  goodnefs,  wifdom,  power,  and 
order,  manifefted  in  the  works  of  creation. 
The  knowledge  of  fuch  works  will  prove  no 
mean  commentary  on  the  all  perfect 
word  of  life,  no  feeble  affiftance  to  praifc? 
and  adore  the  author  of  every  bleffing. 
Such  practical  knowledge  forms  the  true 
riches  of  the  human  mind,  raifes  man  in  the 
fcale  of  intelligent  beings,  and  may  defervedly 
claim  attention  from  thofe  who  are  mofl  ele- 
vated in  rank,  and  mofl:  amiable  in  difpo- 
lition. 

In  true  philofophy  Your  Royal  Highnefs 
will  difcover  that  there  is  nothing  to  be 
feared ; it  will  always  be  found  the  firm  friend 
of -.religion  and  order.  It  does  not  degrade 
the  bell  expectations  of  man,  by  deriving  them 
from  ignorance  and  fuperftition,  or  by 
queflioning  the  being  and  goodness  ofHim 
who  governs  all : it  does  not  undermine  or 

a ffau It  the  fair  ftrudture  and  mutual  depend- 
ance  of  civil  fociety,  by  infufing  the  fpirit  of 
ambitious  difcontent,  and  introducing  the 
principles  of  levelling  equality. 


May 


DEDICATION. 


▼ 

May  health  and  happinefs  be  Your  High- 
nefs’s  portion  in  time,  preparatory  to  the 
fuller  bleflings  of  eternity:  may  You  fee  Your 
Honoured  Father’s  extenfive  and  extending 
realms  flourifhing  in  profperity  and  peace, 
neither  feduced  by  falfe  philofophy,  nor  con- 
v.ulfed  by  democratic  violence. 

I am,  with  the  greated  refped, 

M ADA  M, 

Your  Royal  Highnefs’s 
Mod  obliged. 

And  mod  humble  Servant, 


\ 

GEORGE  ADAMS. 
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P R E F A C 
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THE  plan  of  this  work  firff  occurred  to 
me  about  twenty-five  years  ago  ; I was 
then  for  a fhort  time  in  France  and  Switzer- 
land, an  eye-witnefs  to  the  zeal  and  induflry 
with  which  principles  were  there  propagated 
under  the  veil  of  philofophy,  that  are  fub- 
verfive  of  all  order  and  religion.  1 obferved 

o 

that  philofophical  focieo.es  were  formed  and 
forming  to  extend  the  influence,  and  to  aug- 
ment the  importance  of  writings  di  reedy  op- 
pofed  to  divine  revelation. 

It  was  evident  from  the  works  of  thefe 
pretenders  to  philofophy,  that  they  mvejtigated 
nature  only  with  a view  to  darken  the  mind, 
and  prevent  mankind  from  confidering  any 
thing  as  real,  but  what  the  hand  could  grafp, 
or  the  corporeal  eye  perceive.  For  you  find 
them  continually  embracing  every  opportunity 
to  ridicule  our  belief  in  Mofes  and  the  pro- 
phets, and  cenfuring  us  for  admitting  the  evi- 
dences, or  believing  the  truths  of  revelation  ; 
though  it  is  a revelation  which  juftifies  itfelf 
from  the  creation  of  the  world,  which  declares 
every  truth  that  a wife  man  would  wifh  to  hear; 
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though  it  is  fupported  by  divine  authority, 
and  confirmed  by  all  the  affurances  that, 
human  teftimony  can  afford,  or  the  rational 
mind  require. 

Alarmed  at  what  I faw,  and  what  I read, 
it  appeared  to  me  of  die  utmoft  importance  to 
contrive  means  effedually  to  repel  notions  fo 
pernicious  to  mankind,  and  fo  repugnant  to 
truth.  I conceived  that  the  beff  method  of 
defeating  their  deftru&ive  purpofes,  and  de- 
priving them  of  their  baneful  influence,  would 
be  by  firewing  that  they  were  neither  friends  to 
philofophy,  nor  had  any  right  to  the  title  of 
philofophers  ; that  this  end  would  be  anfwer- 
ed  by  exhibiting  a fyflem  of  philofophy,  which 
fhould  point  out  their  errors,  and  fhew  that 
no  operation  in  nature  would  authorize  the 
concluiions  that  they  had  attempted  to  deduce ; 
that  phyfics , properly  underflood,  would  ever 
go  hand  in  hand  with  religion,  and  all  its 
branches  converge  in  God,  the  center  of  all 
truth,  the  fource  of  all  perfection. 

With  thefe  views,  I began  to  colled: 
materials  for  fuch  a work.  „ But  on  my  return 
to  Jk no-land  the  tenets  of  thefe  men  and  their 
praftices  being  removed  from  my  view.  I laid 
afide  the  defign,  nor  did  I think  of  refuming 
it,  till  I faw  the  attempts  that  were  made  here 
to  propagate  the  fame  principles  by  the  fame 
means  ; till  1 frw  a philofophical  fociety  pub- 
lifhing  trads  hoflile  to  g od  order,  and  the  beff 
interefls  of  mankind ; till  I had  reafon  to 
think  that  men  were  penfioned  by  republicans, 
and  brought  forward  in  various  fituations  to 
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give  credit  to  their  party  ; till  it  was  pub- 
licly avowed,  that  the  men  who  were  purfuing 
here  the  fchemes  that  have  made  France  a 
lcene  of  ruin  and  defoliation,  “ were  known 
to  be  philofophers,  and  friends  of  humanity, 
fuperior  to  the  creed  of  any  feft,  and  indiffer- 
ent to  the  dogmas  of  any  popular  faith.  5 It 
was  then  high  time  to  (hew,  that  true  philofo- 
phy  was  no  friend  to  their  principles ; tor  in  a 
proper  fenfe,  it  implies  a love  of  wifdom;  and 
it’s  end  is  to  promote  truth,  and  diffeminate 
happinefs  ; whereas  modern  philofophers  make 
it  the  ornament  of  folly,  the  badge  of  infidelity, 
the  road  to  anarchy  and  rebellion. 

To  anfwer  thefe  great  purpofes,  I re  fumed 
my  plan,  and  have  endeavoured  to  render  the 
ufeful  and  important  truths  difcovered  by  na- 
tural and  experimental  philofophy  familiar 
and  eafy  ; to  bring  together  that  knowledge 
which  is  difperfed  in  many  volumes ; and  to 
concenter  in  one  work  the  labours  of  the  wife 
men  of  different,  countries  and  ages. 

It  has  been  my  intention  to  render  this 
work  a fource  of  ufeful  and  a£live  entertain- 
ment to  young  perfons  ; and  at  the  fame  time 
that  it  opened  their  minds  to  enlarged  views 
of  nature,  and  the  univerle, *it  fhould  point 
out  the  true  methods  of  reafbning  in  philofo- 
phy, and  teach  them  to  diftinguifh  what  is 
found  and  folid  therein,  from  what  is  hollow 
and  vain ; that  it  fhould  lead  them,  from  a 
confi deration  of  the  works  of  God,  to  ac- 
knowledge and  reverence  his  power,  wifdom. 
and  goodnefs  * and  prove  that  natural 
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fophy  affords  no  fupport  to  the  wretched 
fyflem  of  materialifm,  but  concurs  with  re- 
ligion in  endeavouring  to  enlighten  the  mind, 
to  comfort  the  heart,  to  efiablifh  the  welfare 
offociety,  and  promote  the  love  of  order. 

I wifhed  fo  to  execute  this  work,  that 
while  on  the  one  hand  it  inftru&ed  thofe  who 
know  nothing  of  thefe  delightful  fciences,  it 
might  on  the  other  not  be  ufelefs  to  thofe  who 
are  more  converfant  in  them,  by  prefenting 
the  fubjedl  in  a point  of  view  in  which  it  has 
been  feldom  noticed  by  other  authors,  and 
treating  of  fome  branches  that  have  been  alto- 
gether neglected  by  the  writers  on  natural 
philofophy.  Whether  I have  been  fo  happy 
as  to  fucceed  in  my  defigns ; whether  I have 
been  able  to  place  thefe  fubjedls  in  a clear  and 
plain  light,  and  thus  open  a wider  gate  to  the 
fair  field  of  knowledge,  muff  be  left  to  the 
decifion  of  an  intelligent  public. 

For  my  own  part  I can  fay,  that  I have 
endeavoured  by  every  labour  of  inquiry,  and 
induftry  of  refearch,  by  arrangement  and  me- 
thod, to  convey  in  a clear  and  confpicuous 
manner  a general  knowledge  of  the  ffupcn- 
dous  operations  that  are  carrying  on  in  nature. 
The  fubjedi  is*  indeed  fometimes  varied  by 
digreffion,  and  the  reader  is  now  and  then 
carried  back  into  ancient  days ; but  this  is 
never  done  but  with  a view  of  conveying  fur- 
ther infiru£lion,  or  rendering  the  fubjefl  more 
obvious.  Some  repetitions  will  alio  be  found, 
but  feldom  except  where  a clearer  explanation 
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occurred,  or  a further  application  is  pur- 
fued. 

If  any  j unification  be  neceffary  for  treat- 
ing of  divine  matters  in  phyfical  books,  it 
may  be  vindicated  by  the  examples  of  the  firft 
and  wifeft  men  the  world  ever  produced : 
among  tliefe  our  great  Newton*  who  held  it 
proper  to  treat  of  God  and  his  attributes  in 
natural  philofophy.  “ And  every  wife  and 
good  man  muft  wifli  to  fee  the  relation  be- 
tween divinity  and  philofophy  farther  opened 
and  better  eftablifhed.55 

As  I do  not  wifh  to  incur  the  charge  of 
plagiarifm,  with  pleafure  I acknowledge  the 
aftiftance  I have  received  from  different  authors. 
As  I have  ufed  an  unrefervecl  freedom  infeleft- 
ing  from  their  works  whatever  would  anfwer 
my  purpofe,  I have  fubjoined  a lift  of  the 
principal  fources  of  my  own  knowledge. 
To  the  Rev.  Mr.  William  Jones,  F R.  S.  lam 
particularly  indebted  ; his  capacious  mind  and 
aftive  powers  grafp  with  no  common  energy 
every  branch  of  fcience  ; and  there  are  few 
that  he  has  not  enriched  by  novelty  of  obferva- 
tion,  or  illuftrated  by  perfpicuity  of  manner. 
To  Mr.  de  Luc , F.  R.  S.  &c.  I am  alfo  under 
great  obligations ; his  works  have  been  long 
known  and  highly  efteemed,  and  will  continue 
fo  as  Jong  as  found  reafoning  and  phyfical  logic 
have  any  claims  to  the  attention  of  mankind. 

If 


* Et  base  de  Deo;  de  quo  utique  ex  pb^nomenis  difler- 
ere,  ad  philofophiam  expcrimentalem  pertinet.  Newt.  Prin. 
Schol.  Gener. 
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If  my  health  permits,  at  Tome  future  (and 
diftant)  period,  I mean  to  prefent  my  country- 
men with  an  abridgment  of  his  works,  par- 
ticularly thofe  parts  which  have  relation  to  the 
fyftem  of  Mr.  le  S age.  Thefe  gentlemen  as 
authors  are  not  the  only  perfons  to  whom  I 
am  indebted;  I owe  many  obligations  to  my 
friend  the  Rev.  Mr,  A gutter,  M.  A.  for  fome 
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valuable  communications,  and  much  kind 
alhfiance. 

Confcious  that  my  intentions  have  been 
fincere,  to  advance  fcierice,  to  promote  truth, 
happinefs,  order,  and  peace ; I may  ex  pect 
fome  approbation  from  thofe  I wifh  to  inftrurf, 
and  may  hope  for  fome  indulgence  from 
thofe  who  are  peculiarly  converfant  in  thefe 
fubjefts.  The  wifer  men  are,  the  more  cam 
did  they  become,  and  the  lefs  apology  will 
they  require  for  my  imperfe&ions  or  over- 
fights as  a writer  and  philofopher.  I may 
not  have  enjoyed  thofe  advantages  of  edu- 
cation which  others  pollefs ; I could  not  pof- 
fibly  repeat  every  experiment  which  is  here 
noted.  During  the  compofition  of  thefe  Lec- 
tures I have  had  to  attend  to  the  grateful 
calls  of  daily  bufinefs,  and  have  flruggled 
with  much  weaknefs  and  languor.  The  ideas 
of  mental  perfection  are  feldom  if  ever  rea- 
lized. The  author  is  often  the  firlt  to  obferve 
how  much  is  deficient.  I do  not  pretend 
to  be  indifferent  to  the  judgment  or  the 
approbation  of  the  public  regarding  a work 
which  has  cofl  me  much  thought,  time,  and 
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expence.  I think  I may  fafely  recommend 
it  to  the  youth  oh  both  hexes,  particularly  to 
thole  who  are  delighted  and  improved  with  the 
Reflections  of  Sturm  : they  will  here  find,  that 
the  fame  fubje&s  are  in  a great  meahure  conti- 
nued and  enlarged,  but  I truft  with  this  ad- 
vantage, that  they  are  placed  on  their  phi- 
lolbphical  and  mathematical  foundation,  are 
connected  with  other  parts  of  the  univerfai 
iyfiem,  are  arranged  in  general  and  perfpi- 
cuous  order,  and  may  be  conducive  to  fur- 
ther difcoveries,  and  more  accurate  invefti- 
gations  oh  nature. 

To  render  this  work  more  ufeful,  I have 
added  a copious  index,  and  references  to 
the  figures  of  the  plates.  The  references  to 
the  figures  ofVol.  i and  2,  are  at  the  end 
of  their  rehpe&ive  volumes.  The  references 
for  Vol.  3 and  4,  are  at  the  end  of  the  4th 
volume.  The  index  and  plates  conflitute  a 
fifth  volume. 


ERRATA. 


VOL.  I. 

I 

Page  13,  line  21,  after  equal,  infert  in  volume.  P.  15,  I.24, 
for  (I)  read  (d).  P.  18,  1.  9,  for  hail  read  rain.  P.  97,  1.  28, 
for  pi.  3 read  pi.  4.  P.  231,  1.  io,  for  bliftord  read  bliftered. 
P.  365,  1.  32,  dele  from  Therefore,  to  depend.  P.  381,  1.  32,  Jot 
js,  read  ife. 

VOL.  II. 

P.  13,  1.  20,  read  of  the  new  ; in  the  fame  line  read  emiflion  of 
the.  P.  60,  I.  16,  for  leads  read  lead.  P.  72,  1.  3,  for  filled 
read  fitted.  P.  75,  1.  i,ybrpifton  read  friftion.  P.  76,  1.  18, 
for  condenfion  read  condenlation.  P.  100,  1.  3,  for  lending, 
read  lends.  P.  149,  1.  2,  dele  is.  P.  180,  1.  1,  for  fig.  12,  pi.  2, 
read  fig.  2,  pi.  2.  P.  194,  1.  8 , for  fig.  15  read  fig.  15*.  P.  206, 
J.  12,  for  foint,  read  joint.  P.  286,  1. 18,  for  fig.  1 read  fig.  10, 
pi.  3.  P.  390,  1. 1 5,  for  fig.  1 1 read  fig.  1 4,  pi.  7.  P.  485,  1.  6, 
for  fig.  13,  pi.  6,  read  fig.  13*,  pi.  6.  P.509,  1.  20,  after  dia- 

gram infert  fig.  16,  pi.  7. 

VOL.  III. 

P.  62,  1.  24,  for  he  read  the.  P.  1 77,  for  fig.  92,  read  fig.  9, 
pi.  2.  P.281,  by  feme  miflake  the  figure  here  referred  to  has  not 

been  engraved  ; the  jubjed  is  fo  clear , that  it  will  not  be  of  material 
confequence.  P.  293,  for  fig.  4,  pi.  5,  read  fig.  4,  pi.  3.  P.  319, 
for  fig.  2,  pi.  6,  read  fig.  3,  pi.  5.  P.  449,  1.  4,  for  9°  read  49. 
P.502,  I.7,  infert  fig.  9,  ph  3. 

* N 

VOL.  IV. 

P.  46,  !.  17,  for  miles  read  minutes. 
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NATURAL  PHILOSOPHY. 


ON  THE 

NATURE  AND  PROPERTIES  OF 

A I R. 


LECTURE  i. 

TH  E earneftnefs  of  your  wifhes*  to  know  the 
nature  and  ufe  of  the  various  articles  now 
lying  upon  the  table  before  you,  and  which 
have  been  purchafed  for  your  amufement  and  in- 
ftrudtion,  gives  me  great  pleafure,  riot  only  as  it 
infures  me  your  attention,  but  as  it  affords  me  an 
opportimity  of  fayinga  word  or  two  on  a fubjedt  in 
which  you  are  highly  interefted-  It  is,  to  encou- 
rage you  to  be  often  afking  queftions,  and  in- 
quiring into  the  ufe  of  the  things  that  are 
continually  prefenting  themfelves  for  obfervation. 
If  you  fuffered  no  fubjedl,  whether  of  bufmels  or 
amufement,  to  pafs  by  without  inquiring  into  the 
ufe  or  advantage  it  would  be  of,  cither  to  yourfelves 
or  companions,  you  would  acquire  a habit  of  at- 
tention, you  would  awaken  curioiity,  and  excite  a 
fpirit  of  inquiry;  but  above  all  you  would  ftreng- 
then  your  undemanding,  and  learn  rightly  to  ef§- 
mate  the  worth  and  value  of  thing's 
Vol.  I.  B 
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You  may  lay  it  down  as  a maxim,  that  as  the 
efTence  of  folly  conlifts  in  an  entire  want  of  judg- 
ment, in  an  ignorance  of  the  true  value  of  things, 
:fo  the  e hence  of  wifdom  and  knowledge  mu  ft  con- 
ftft  in  the  excellency  of  your  judgment,  or  in  the 
juftnefs  of  your  knowledge  of  the  worth  and  value 
of  things.  He  who  knows  moft  of  the  value  of  the 
beft  things,  and  who  forms  the  beft  judgment  of 
the  things  which  are  of  the  moft  concern  to  him, 
has  the  higheft  wifdom,  and  will  be  the  happieft 
man.  By  habituating  yourfelves  to  a practice  con- 
formable to  this  maxim,  you  will  be  prevented 
from  taking  any  delight  in  thofe  things  which  de- 
bafe  the  mind,  and  are  contrary  to  reafon.  You 
will  not  feek  happinefs  where  it  is  not  to  be  found, 
becaufe  you  will  know  that  it  is  a treafure  hidden 
within  you,  and  that  you  may  always  enjoy  by  a 
proper  regulation  of  your  tempers  and  conduct. 

The  eagernefs  with  which  you  deftre  to  know 
the  ufe  of  this  apparatus  will  be  confiderably  height- 
ened, when  I acquaint  you  with  the  purpofes  for 
which  it  is  deftgned.  It  is  intended  to  introduce 
you  to  natural  philofophy,  to  enrich  your  minds 
with  the  knowledge  acquired  by  the  labours  of  the 
great  and  wife  men  who  lived  before  you,  to  make 
you  acquainted  with  the  feenery  of  nature,  the 
ways  and  means  made  ufe  of  by  the  great  author 
and  fupporter  of  your  being  and  mine,  in  pro- 
ducing thofe  wonderful  appearances  you  lee  in  the 
air,  the  changes  you  obferve  in  the  fealons,  the 
nature  of  the  air  you  breathe,  and  the  lire  v hich 
animates  your  frame.  But  this  apparatus  is  not 
confined  merely  to  an  explanation  of  the  operations* 
of  God  in  nature;  it  will  inftrudt  you  alfo  in  the 
wifdom  he  has  communicated  to  man,  and  {hew 
you  the  nature  of  thofe  engines  which  they  have 
contrived,  the  adtion  of  that  ufeful  inftrument  the 
common  pump  will  be  explained,  and  you  will 
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learn  to  know  when  they  are  well  or  ill  conftruCted. 
You  will  comprehend  the  properties  and  principles 
of  the  fleam  engine,  whole  operations  have  fo  olten 
excited  your  admiration;  it  will  be  too  tedious  to 
enumerate  all  the  advantages  you  may  acquire  from 
this  apparatus.  Let  me  allure  you  that  explaining 
them  to  your  companions,  and  performing  the 
operations  yourfelves,  will  not  be  one  of  the  leaf!:, 
for  by  thus  exerting  the  faculties  of  body  and  mind., 
both  will  be  firengthened  and  improved. 

From  natural  philofophy  you  will  learn  that  the 
creation  is  but  an  image  or  picture  of  the  divine 
perfection,  and  therefore  bears  a character  of  his 
'infinity  and  immenfity : that  this  ffnall  part  of  it 
which  we  inhabit,  is  but  a point  in  comparifon  of 
the  folar  fyitem:  that  the  folar  fyltem  is  but  a 
point  in  comparifon  of  the  valt  regions  of  the  fixed 
itars:  that  thefe  fuperior  regions  themfelves  are 
but  a point  in  comparifon  of  the  innumerable 
worlds  that  lie  perhaps  hid  in  the  boforn  of  im- 
menfity: that  in  this  point  which  we  inhabit,  we 
know  only  fome  fuperficial  qualities  and  properties 
of  nature:  that , as  Sir  Isaac  Newton  faid,  all  the 
difeoveries  mortals  can  make,  are  like  thofe  of  a 
child  upon  the  borders  of  the  fea,  who  has  only 
broken  fome  pebbles,  and  opened  fome  fhells,  to 
fee  what  is  in  them,  w hile  there  lies  beyond  him  a 
boundlefs  ocean,  of  which  he  has  no  ideas:  that 
we  can  never  be  true  philofophers  till  we  fee  the 
author  of  nature  face  to  face;  compare  the  pic- 
tures with  their  original;  and  know,  by  direCt  in- 
tuition, their  mutual  relation  and  refemblances. 
Lord  Bacon  terms  natural  philofophy,  the  great 
mother  of  the  fciences,*  for  neither  the  arts  of 
fpeech,  logic,  medicine,  civil  policy,  morality, 
religion,  Ccc.  can  be  advantageoully  exercifed,  im- 

B 2 proved, 

* Shaw’s  Bacon,  vol.  2,  page  376. 
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proved,  underftood,  or  inftituted  without  it,  and  all 
the  mechanical  fciences  depend  upon  it.- 

As  you  are  now  going  to  engage  in  the  ftudy  of 
one  of  the  branches  of  natural  philofophy,  a fhort: 
hiitory  of  the  origin  of  the  word  itfelf  cannot  but 
prove  acceptable.  When  Pythagoras,  of  whom 
you  have  already  heard  much,  had  completed  the 
great  tour  of  fciencc,  and  ftored  his  mind  with  alt 
the  hidden  treafures  of  oriental  knowledge,  he  pre- 
fented  himfelf  for  the  firft  time  to  the  admiring 
eyes  of  Greece,  alfembled  at  the  Olympic  games. 

“ A fpe£taclc  no  doubt  it  was  for  univerfal  ad- 
miration and  refpedt;  an  underftanding  fo  enriched, 
and  full  in  meridian  vigour,  was  an  object  that  his- 
cotemporarics  might  look  at  with  veneration  little 
fhort  of  idolatry.  Pythagoras  in  this  attitude,  fur- 
rounded  by  the  Grecian  fages  on  the  field  of  the 
Olympic  games,  whilft  every  eye  was  fixed  with 
rapture  and  delight  upon  one  of  the  moft  perfect 
forms  in  nature,  began  to  pour  forth  the  wifdom 
of  his  dodlrine ; afionilhment  feized  the  hearers; 
and  almofi  doubting  if  it  had  been  a mortal  that 
had  been  difeourfing,  they  with  one  voice  demanded 
by  what  title  he  would  be  addreffed.  Pythagoras 
anfwered,  that  their  feven  fages  had  taken  the  name 
of  wife  men,  for  his  part  he  left  them  in  polfelfion 
of  a diftindtion  they  fo  well  merited,  he  wifhed  to 
be  no  otherwife  remembered  or  defer ibed  than  as  a 
Lover  of  Wisdom*;'*  his  pretenfions  did  not  goto 

the 

* As  thfi  were!  philofophy  lias  been  of  late  much  abufeci  by 
infidels,  politicians,  and  divines,  it  may  not  be  improper  to  give 
another  definition  of  the  word,  to  guard  and  protett  it,  and  to 
ferve  as  a teft  by  which  to  try  the  principles  of  thefe  diffeiem 
writers.  “ Philofophy  is  the  invedigation  of  truth  of  every 
kind  from  thofe  principles  which  are  peculiar  and  proper  to  itfelf j and 
from  no  other ; which  principles  are  not  to  be  taken  up  at  a ven- 
ture, or  framed  upon  fuppofition , but  to  be  iought  and  found  by 
much  experience  and  obleivation  in  the  nature  and  eonditutum 
of  things  themfclves.V 
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•the  paffeflion  of  it,  and  if  they  would  call  him  a 
Philosopher,  he  would  he  contented  with  the  ap- 
pellation. From  this  time  the  name  of  a philofopher 
became  a title  among  the  learned.”* 

Not  to  detain  you  longer  from  an  examination 
of  the  articles  before  you,  I fball  firll  give  you  a 
general  defeription  of  fome  of  them,  and  tell  you 
their  feverai  names  ; this  w'ill  render  the  explanation 
of  their  relpedtive  ufes  eafierand  more  limple,  and 
will  enable  you  to  make  experiments  with  them* 
and  explain  their  effedts  with  greater  facility. 

The  inftrument  before  you  is  called  an  air-pump,  f 
It  is  one  of  the  molt  ufeful  of  all  thofe  philofophical 
inftruments  whofe  adtion  depends  on  the  air.  It 
conlifts  of  a pump  or  fyringe,  annexed  by  means  of 
other  pieces  to  a glafs  veil'd,  and  is  lb  contrived  that 
by  moving  a rod  up  and  down,  the  air  contained 
in  the  receiver  may  be  extracted.  It  is  formed  of 
five  principal  parts:  i.  The  barrel.  2.  Thepifton 
moveable  in  the  barrel.  3.  Two  valves  or  open- 
ings fo  contrived  as  to  prevent  the  air  returning 
back  again.  4.  The  plate  of  the  pump  on  which 
the  veifels  are  to  be  placed,  that  the  air  may  be  ex- 
tracted from  them.  5.  A guage  or  apparatus  for 
meafuring  the  degree  of  exhauftion.  6.  A ferew 
for  occaiionally  admitting  the  air  when  required. 

The  necefiary  requiiites  of  a good  air-pump  are, 
1.  That  itexhauft  or  rarify  the  air  as  much  as  pof- 
iible.  2.  That  this  be  effected  in  the  lead  poifible 
time.  3.  That  there  be  a guage  affixed  to  the  pump, 
to  afeertain  with  accuracy  the  degree  of  rarifadt ion. 

Before  I explain  the  conftrudtion  of  the  pump, 
I fhall  place  before  you  a few  models  of  valves, 
(jig-  4,  7,  8,  pi.  1.)  on  different  conftrudtions, 

that  you  may  have  a clearer  notion  of  their  nature 
and  ufe.  By  a valve  is  always  underftood  fome 
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fubftance,  fo  placed  over  a hole,  as  to  permit  a fluid 
to  pafs  through  one  way,  but  not  the  other  way,  or 
back  again. 

A Jiop-cock  is  a fpecies  of  valve,  for  by  turning 
it  one  way,  it  lets  a fluid  pafs  through  a pipe,  & c. 
but  by  turning  it  about  one  quarter  round  it  {huts 
up  the  pafiage.  When  the  hole  in  the  moveable 
piece  or  cock  coincides  with  the  bore  of  the  pipe, 
there  is  a free  pafiage  for  the  fluids  communicating 
therewith,  but  when  the  cock  is  turned  the  vefiel 
is  flopped. 

The  glafs  vefiels  to  be  placed  on  the  pump  are 
called  receivers , fome  of  them  are  open  at  top,  the 
others  are  ciofed. 

To  gain  a clear  idea  of  the  action  of  the  air- 
pump,  it  will  be  necefiary  to  take  it  in  pieces.  You 
may  now  fee  that  the  barrel  is  made  very  cylindrical 
and  fmooth;  the  pifton,  which  moves  up  and  down, 
is  made  to  fit  it  fo  exactly  as  to  permit  no  air  to 
pafs  between  it  and  the  barrel,  and  yet  to  move  up 
and  down  with  eafe;  the  bottom  of  the  pifton  w hen 
dowTn  lies  as  clofe  as  poflible  to  the  lower  valve,  in 
order  to  prevent  any  air  remaining  betw  een  them. 
You  obferve  that  in  the  piece  fcrewTed  to  the  bottom 
of  the  pifton,  there  is  a hole,  coinciding  with  one 
that  goes  through  the  pifton;  over  this  hole  a fmall 
piece  of  oiled  ftlk  is  tied,  w hich  is  the  pifton  valve; 
it  opens  upwards  to  give  a pafiage  to  the  air  from 
below.  In  the  brafs  plate  on  the  bottom,  you  fee 
another  hole  wfithavalve  on  the  top;  by  this  there 
is  a palfage  for  the  air  from  any  receiver  placed  on 
the  plate  of  the  pump  to  the  cavity  of  the  barrel 
at  bottom ; for  the  large  plate  of  the  pump  is  per- 
forated with  a hole,  to  meet  the  laft  mentioned 
one.  Thefe  few  parts  are  all  that  are  eftential  to 
the  pump,  and  w ill  be  fufficicnt  to  give  you  a very 
c lear  notion  of  the  principles  of  thofe  that  are 
made  in  a complex  form, 
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To  work  th‘c  pump,  the  pifion  is  placed  at  the 
bottom  of  the  barrel,  and  then  lifted  up ; we  fup- 
pofe  it  to  be  fo  well  fitted  as  to  leave  little  or  no 
air  beneath;  confequently,  on  lifting  it  up  you  raile 
the  column  of  air  that  ftands  over  the  pifion,  and 
leave  a cavity  or  fpace  below  in  a great  meafure 
void  of  air,  luppoling  that  none  could  enter  into 
this  fpace  through  the  valve  in  the  plate  of  the 
pump.  But  as  the  air  is  very  elafiic,  (as  I fliall 
prove  to  you  hereafter)  that  which  is  in  the  receiver 
rufhes  through  the  lower  valve  into  the  void  fpace 
in  the  barrel,  till  what  is  there,  and  in  the  receiver, 
become  equally  denfe;  by  this  means  the  quantity 
of  air  in  the  receiver  is  lelfened,  and  as  what  remains 
fiill  occupies  the  fame  fpace,  it  is  faid  to  be  ratified 
or  lefs  denfe. 

This  is  one  half  of  the  operation  ; in  the  next 
place,  the  pifion  is  to  be  carried  down  to  the  bot- 
tom of  the  barrel ; by  raifing  the  pifion  I brought 
fome  of  the  air  out  of  the  barrel ; by  depreffing  the 
pifion  I fliall  get  it  out  of  the  barrel  alfo,  and  thus 
get  rid  of  it  quite;  for  by  forcing  the  pifion  down, 
the  air  contained  below  it  in  the  barrel  (as  it  cannot 
return  through  the  valves  at  the  bottom  of  the  plate, ) 
is  condenfed  by  the  pifion,  till  it  acquires  elafti- 
city  enough  to  force  open  the  valve  in  the  pifion, 
and  make  it’s  efcape  into  the  common  air,  from 
whence  it  cannot  return,  being  prevented  by  the 
valve.  Thus  a part  of  the  air  in  the  receiver  is 
extracted,  and  by  continuing  the  operation  as  much 
will  be  taken  therefrom  as  may  be  required. 

By  means  of  the  air-pump  and  it’s  apparatus,  you 
will  foon  become  acquainted  with  the  nature  and 
properties  of  air.  Air  is  a fluid  into  which  you 
are  plunged  the  moment  you  are  born,  and  without 
which  you  would  in  a moment  be  deprived  of  life. 
The  nature  of  a fluid  fo  important,  fhould  certainly 
engage  the  attention  of  every  rational  being;  for 
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no  fubftance  has  a more  univerfal  influence  on  thQ 
general  courfe  of  nature.  The  varieties  in  it’s  tem- 
perature and  weight  are  continually  agitating  out* 
frame;  to  the  adlion  of  thefe  chano-es  on  our  bodies 
we  may  attribute  many  of  our  fenfations,  both  irk-, 
fome  and  pleafant.  Indeed  we  have  always  fome- 
thing  to  hope  or  fear  from  the  viciffitudes  of  which 
it  is  fufceptible.  It  contributes  to  the  formation  of 
hail,  and  fuftains  the  clouds.  Plants  grow  and  are 
nourifhed  by  it.  Without  the  air,  there  would  be 
neither  found,  nor  voice,  nor  language,  all  fire 
would  be  extindt,  animals  would  perifh,  and  the 
whole  world  would  languifh  and  decay.  It  is  almoft 
impofllble  for  you  to  think  with  indifference  of  the 
wonderful  e'ffedls  occafioned  by  this  invifible 
agent.  If  your  mind  is  capable  of  admiring  thefe 
effects,  it  will  not  be  infenfible  to  the  pleafure  that 
is  to  be  derived  from  a knowledge  of  their  caufes. 

It  is  fo  pleafing  to  contemplate  theflrftdawnings 
of  improvement  in  fcience,  and  to  fee  them  riling 
gradually  to  perfedtion,  through  the  fucceflive  la- 
bours of  innumerable  minds  ; that  I cannot  refrain 
from  giving  you  a fhort  hiftory  of  the  air-pump. 

The  famous  experiment  of  Torricellius,  ( to  be 
explained  in  the  next  ledture)  gave  rife  to  the  air- 
pump,  and  led  the  Florentine  Academicians  to  con- 
trive an  irfftrument  to  procure  a vacuum.  Forthis 
piirpofe  they  filled  a veffel  with  quickfilver,  and 
then  emptied  it,  taking  care  to  prevent  the  air 
from  entering  while  the  quickfilver  was  going  out: 
this  inffrument  being  very  inconvenient,  as  well 
as  imperfedt,  was  foon  laid  alide. 

Otto  de  Guericke , an  ingenious  magiflrate  of 
Hamburgh,  invented  the  air-pump  in  1654,  and 
made  the  firft  public  trial  thereof  about  the  fame 
time  at  Ratifbon,  before  the  Emperor  of  Germany, 
and  feveral  of  the  eledtors,  who  were  highly  de- 
lighted with  the  curious  experiments  exhibited  by 
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it.  ' An  account  of  thefe  was  foon  after  publifhed 
by  Scottus,  a learned  Jefuit.  In  1672  Otto  de 
Guericke  gave  an  excellent  narrative  of  his  own 
experiments:  the  inftrument  was,  however,  dill 
awkward  and  very  imperfedt.  In  order  to  try  ex- 
periments with  it,  they  were  obliged  to  place  their 
glades,  veflels,  and  other  fubfkmces  under  water, 
to  prevent  the  air  from  re-entering. 

It  was  afterwards  fo  much  improved  by  Hooke, 
the  rival  of  Newton,  and  by  the  famous  Boyle , and 
was  applied  by  the  latter  to  fuch  ufeful  purpofes,  and 
opened  in  his  hands  fo  rich  a mine  of  natural  know- 
ledge, that  the  invention  has  often  been  attributed 
to  him,  and  the  vacuum  made  by  the  air-pump  is 
dill  called  the  Boylean  vacuum,  in  contradiftinction 
to  that  of  Torricellius.  Subsequent  improvements 
have  been  made  by  Meffrs.  Gravefande,  Nollet, 
Smeaton,  Haas,  and  Cuthbertfon;  but  the  laft  and 
moftperfedt  is  that  of  the  Rev.  Mr.  Prince,  of  Bof- 
ton  in  America,  to  which  I have  given  the  name  of 
the  American  Air-pump . It  would  be  unneceffary 
minutely  to  deferibe  the  refpedtive  merits  of  thefe 
improvements;  but  it  would  have  been  highly  im- 
proper to  leave  you  altogether  unacquainted  with 
the  names  of  thofe  who  have  improved  the  inftru- 
ments  of  fcience,  and  bf  whofe  labours  we  are  now 
reaping  the  benefit. 

It  is  a duty  we  owe  fociety  to  commemorate  the 
benefadlors  of  mankind:  and  I therefore  feel  great 
pleafure  in  laying  before  you  a ihort  (ketch  of  the 
character  of  Mr.  Boyle,  whofe  unexceptionable 
integrity,  extenfive  charity,  and  fingular  piety,  did 
great  honour  to  philofophy ; jio  one  ever  took  more 
pains  to  promote  natural  knowledge  in  all  it's 
branches;  among  thefe  the  dqdtrine  of  the  air  af- 
forded him  ample  field,  and  he  cultivated  it  with 
fuccefs;  he  examined  objedtions  with  patience,  and 
refuted  them  without  oflentation.  The  world  he 
. conlidered 
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confidered as  the  temple  of  God,  and  "man  (to ufc 
his  own  words,)  as  horn  the  pried  of  nature,  ordain- 
ed (by  being  qualified)  to  celebrate  divine  fervice, 
not  only  /;/,  but  for  it.”  Notfatisfied  with  having 
promoted  the  belief  of  a Deity,  and  the  evidence  of 
true  religion,  in  the  greater  number  of  volumes  com- 
pofedby  him  during  the  courfe  of  a laborious- life, 
he  has  taken  care  by  his  will  to  perpetuate  a fuc- 
ceilion  of  advocates  for  it.  Such  a man,  we  mult 
allow  to  be  an  ornament  to  his  own  age  and  country, 
and  a public  benefit  to  all  times  and  nations,  hie 
feems  to  have  been  a heavenly  fpirit  in  a human  form 
defeending  from  above,  to  furvey  the  wonders  of 
this  lower  frame,  and  from  thence,  as  from  a new 
fubjedt,  to  raife  in  himfelf  and  others  anewfource 
of  adoration  and  gratitude,  and  new  fongs  of  love 
and  praife. 

As  you  have  now  attained  a general  idea  of  the 
fabric  and  contrivance  of  the  air-pump,  I final  1 
proceed  to  inveltigate  the  properties  of  the  air  itfelf 
by  means  of  this  inltrument. 

Of  the  Resistance  of  Air. 

^ he  form  of  air  is  not  vifible>  yet  the  fubftance 
and  adtion  thereof  is  evident  to  the  reft  of  our  fenfes. 
This  bladder  which  I am  going  to  fill  with  air, 
will  be  very  different  when  filled,  from  what  it  is 
in  it’s  prefent  Rate ; it  may  now  be  rolled  up  and 
t wilted  almoft  into  any  form,  but  when  I have 
filled  it,  it  is  capable  'of  relifting  a confiderable 
preliiire. — It  is  now  filled,  and  you  will  find  that 
fcarce  any  force  you  can  exert  will  bring  it  toge- 
ther. You  cannot  indeed  lee  the  air  in  the  bladder, 
but  you  can  feel  it’s  relilt ance,  in  the  fame  manner 
the  particles  which  give  energy  to  the  hurricane  are 
invilible,  but  fatal  experience  evinces  their  power. 

Here  is  a fyringe  with  a folid  pilton ; I have 
{topped  the  bottom,  that  the  air  contained  between 
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the  pifton  and  the  bottom  of  the  fyringe  may  not 
cfcape.  This  air,  when  the  pifton  is  at  a certain 
depth,  will  relift  fo  powerfully,  that  if  the  mate- 
rials do  not  give  way,  no  force  whatever  will  bring 
the  pifton  down.  Try  it,  and  you  will  find  on 
pufhing  it  down,  that  itfeems  to  work  as  if  againft 
a very  ftrong  fpring. 

Here  are  two  glafs  veftels,  fuch  as  are  fold  in  the 
ftreets  by  the  Italians ; thefe  will  exhibit  another 
proof  of  the  reliftance  of  the  air.  This  in  my  hand 
has  had  the  air  extracted  from  it,  the  air  remains 
in  the  other.  I lift  the  exhaufted  one  up,  and  the 
water  falls  upon  the  glafs  in  which  it  is  inclofed 
like  a piece  of  iron,  with  a fmart  noife,  from  whence 
it  has  been  named  the  phile fophtcal  hammer ; while 
in  this,  where  there  is  a bed  of  air  to  fall  on,  it 
fcarce  makes  any  noife.  Artifts  are  accuftomed  to 
judge  of  the  goodnefs  of  the  vacuum  in  barometers, 
&c.  by  the  lmartnefs  of.  the  found  made  by  the 
quickfilver. 

Cuftom  has  rendered  the  contacft  of  air  fo  fami- 
liar to  us,  that  you  muft  refled:,  before  you  can  be 
fenfible  of  the  actual  impreffions  it  makes  upon 
yon.  Being  conftantly  furrounded  by  the  air,  we 
do  not  conlidcr  the  continual  force  it  oppofes  to 
all  our  motions ; but  if  we  could  be  taken  out  of 
the  atmofphere,  and  were  to  return  to  it  again,  wre 
fhould  then  perceive  without  reflection,  that  the 
air  touches  us  on  all  fides,  as  we  feel  that  the  water 
touches  us  when  we  plunge  into  it. — I take  this 
empty  glafs  veftel,  and  plunge  it  perpendicularly 
into  a jar  of  water  with  the  mouth  downwards,  and 
you  perceive  that  that  part  of  the  water  which  an- 
fwers  to  the  mouth  of  the  glafs  veftel,  finks  in 
proportion  as  the  veftel  defeends,  for  the  veftel 
contains  a column  of  air,  which  oppofes  the  en- 
trance of  the  water,  though  it’s  reliftance  is  not 
powerful  enough  to  exclude  it  intirely.  Hence  you 
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fee,  why  a veftel  cannot  be  filled  with  water  by 
plunging  it  with  it’s  orifice  downwards;  why  a 
funnel,  if  the  pipe  fits  clofely  to  the  neck  of  a 
bottle,  is  not  convenient  for  pouring  of  liquor; 
for  in  order  to  put  the  water  or  wine  into  the 
bottle,  the  air  muff  pafs  between  the  neck  and  the 
funnel ; but  when  the  neck  is  fo  narrow,  that  there 
is  not  room  for  a free  palfage,  at  the  fame  time,  for 
the  liquor  to  go  in  and  the  air  to  go  out,  it  muft 
be  brought  about  fucceffively.  We  are  apt,  indeed, 
to  consider  every  thing  as  empty  which  is  only 
filled  with  air ; but  the  experiments  you  have  feen, 
have  fhewn  the  impropriety  of  this  confideration, 
by  proving  that  they  are  filled  with  a refitting 
fubftance. 

Of  the  Weight  of  the  Air. 

You  have  often  heard,  perhaps,  made  ufe  of 
the  expreffion,  <cas  light  as  air-;’’  but  light  as  it  is, 
it  is  heavier  than  you  imagine,  and  it’s  w;eight  is 
the  caufe  of  many  wonderful  effeetts  in  nature.  That 
it  has  wreight,  I fhall  prove,  by  fhewdng  you  that 
a veffel  is  heavier  when  full  of  air,  than  w hen  the  - 
air  is  extracted  from  it.  For  this  purpofe,  I have 
a bottle  furnifhed  with  a ftop-cock;  I weigh  this 
accurately  while  full  of  air.  I fhall  now'  extradt  the 
air  out  of  it,  and  prevent  it?s  re-entrance,  by  turn- 
ing the  ftop-cock:  on  weighing  it  again,  you  fee 
it  is  confiderably  lighter  than  it  wras  before,  and 
confequently  has  loft  weight  by  the  extraction  of 
the  air. 

You  have  now  learnt  that  the  air  has  weight ; bv 
filling  the  bottle  w'hen  emptied  of  air,  withdiftilled 
water,  and  then  wxighing  it  again,  you  will  find 
it’s  fpecihc  weight,  that  is,  you  will  compare  a 
given  quantityor  bulkofair,  with  the  fame  volume 
or  bulk  of  water,  and'thus  difeover  the  difference 
between  them, 
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To  be  more  particular,  I fill  this  flafk,  when  the 
air  is  exhaufted  from  it,  with  water,  and  weigh  it. 

I fubtrad  from  this  weight,  the  weight  of  the  flafk,, 
(without  air,)  the  deficiency  is  the  weight  of  the 
water.  A cubic  inch  of  water  has  been  found  to 
weigh  fo  many  grains;  dividing  therefore  the  weight 
of  water,  by  this  number  of  grains,  gives  me  the 
cubic  inches  contained  in  the  flafk. 

I have  now  obtained,  i . The  weight  of  the  flafk 
without  air.  2.  The  number  of  cubic  inches  con- 
tained in  the  flafk.  3.  The  weight  of  this  number 
of  cubic  inches  of  water.  4.  The  weight  of  the 
fame  number  of  cubic  inches  of  air. — The  relation 
between  the  twTo  laft  numbers  gives  us  the  fpecific 
gravity  of  water  and  air;  for  the  fpecific  gravity  of 
air  is  to  that  of  water,  as  the  weight  of  a cubic  inch 
of  air  is  to  that  of  a cubic  inch  of  water.  We  ob- 
tain the  weight  of  a cubic  inch  of  air,  by  dividing 
the  weight  of  air  in  the  flafk  by  the  number  of 
cubic  inches  contained  by  the  flafk. 

About  14 1 grains  of  air  are  equal  to  twTo  pounds 
of  water ; therefore  the  proportion  is  as  1 to  800. 

Abfolute  exadnefs  is  not  attainable  by  this 
method;  it  is  however  fufficient  for  every  common 
purpofe.  The  height  of  the  barometer  and  ther- 
mometer fliould  always  be  noticed  at  the  time  the 
experiment  is  made,  as  a variation  in  thefe  will 
occafion  a difference  in  the  refults.  The  weight 
of  the  elaftic  fluids,  of  w hofe  nature  we  fhall  l'peak 
hereafter,  may  be  obtained  in  the  fame  manner. 

Of  the  Pressure  of  the  Air. 

As  you  have  feen  that  the  air  has  weight,  and 
confequently  preffes  upon  all  bodies  that  are  con- 
tiguous to  it,  you  will  be  lefs  furprized  at  fome  of 
the  effects  occafioned  by  this  prefliire.  I place  this 
glais  vefiel  upon  the  plate  of  the  pump,  from  w hich 
you  may  remove  it  with  the  utmoft  facility,  becaufe 
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there  is  under  it  a mafs  of  air  of  equal  denlity  with 
that  which  furrounds  it ; the  internal  air  is  acoun- 
ter-ballance  to  the  column  of  air  upon  the  top  of 
the  receiver.  I now  work  the  pump,  and  thereby 
takeout  or  exhauft  the  air  from  under  the  receiver, 
and  thus  remove  the  counter-preffure ; the  receiver 
will  then  be  preffed  down  upon  the  plate  of  the  , 
pump  by  the  whole  weight  of  the  atmofphere  in- 
cumbent on  it’s  furface.  It  is  done,  and  you  will 
now  find  it  very  difficult  to  feparate  the  receiver 
from  the  plate,  to  which  it  is  fixed  down  with  a 
force  equal  to  as  many  times  1 5 pounds,  as  there 
are  fquare  inches  covered  by  the  opening  at  the 
mouth  of  the  receiver.  If  the  receiver  be  large, 
the  weight  of  the  preponderating  column  is  enor- 
mous. You  cannot,  I fee,  feparate  the  receiver 
from  the  plate ; I will,  therefore,  re-admit  the  air, 
by  turning  this  fcrew,  the  ballance  will  again  be 
reftored,  and  the  air  preifing  as  much  upwards 
againft  the  inward  parts  of  the  receiver,  as  the 
outward  parts  are  preffed  by  the  external  air,  the 
receiver  may  be  eafily  removed. 

The  natural  propcnfity  of  the  human  mind  to 
know  the  caufe  of  every  effedt,  often  leads  men 
into  errors,  and  makes  them  fatisfied  with  a word 
which  does  not  remove  their  ignorance.  It  is  thus 
that  fome  have  faid,  the  glafs  was  held  down  by 
faction,  without  explaining  what  they  meant  by 
fudtion,  or  flic  wing  how  it  was  produced.  We 
fhall,  however,  prove  to  you  by  the  next  experi- 
ment, that  the  glafs  is  not  held  down  by  fudtion. 

I take  this  brafs  plate,  put  an  oiled  leather  on  it, 
and  place  it  on  the  plate  of  the  pump;  1 then  fuf- 
pend  this  fmall  receiver  on  the  hook  under  the 
larger  one,  and  place  the  large  one  inluch  manner 
on  the  plate,  that  the  fmall  receiver,  when  let  down, 
will  come  on  the  fmall  plate:  (fig*  17,  pi-  i«)  up011 
working  the  pump,  the  air  will  be  exhaufted  from 
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both  receivers.  Let  us  now  coniider  the  circum- 
ftance;  there  is  no  air  under  either  glafs,  all  is  free 
within,  but  the  outer  glafs  is  held  down  by  the 
preffure  of  the  external  air,  whilft  the  final  1 glafs 
having  no  air  to  prefs  upon  it,  continues  loofe,  and 
may  be  drawn  up  and  down  at  pleafure.  Admit 
the  air  into  the  receiver,  and  the  large  one  will  be 
let  at  liberty,  whereas  thefmall  one  will  be  prefled 
down  upon  the  plate ; and  this,  not  from  Auction, 
for  it  continued  loofe  whillt  I w as  pumping,  but  the 
internal  air  or  prop  being  taken  aw7 ay,  the  external 
prefles  upon  it,  and  keeps  it  down. 

There  are  few  experiments  which  are  more 
decifive  againlt  the  common  opinion  of  Auction 
than  that  which  is  made  with  the  inftrument  called 
a double  transferer,  (fig.  n,  pi.  2.)  Screw-'  the  end 
of  the  middle  pipe  into  the  hole  of  the  pump,  and 
turn  the  cocks  d,  G,  H,  fo  as  to  open  the  commu- 
nication between  the  pipes  and  the  pump.  Place 
a receiver  upon  one  of  the, plates  (g),  taking  care 
that  the  communication  with  the  other  is  cut  off 
by  turning  the  cock  (H)  connected  therewith, 
exhauft  the  air  out  of  the  receiver,  then  turn  the 
cock  (I),  which  connects  the  w hole  with  the  pump, 
to  prevent  the  air  from  re-entering,  and  unferew 
the  apparatus  from  the  pump : now  put  a receiver 
upon  the  other  plate,  and  this  will  continue  loofe 
on  the  plate  as  long  as  it  remains  full  of  air;  turn 
the  cock  (H)  belonging  thereto,  to  open  the  com- 
munication between  this  and  the  other  receiver, 
and  the  air  in  the  lalt  having  nothing  to  adt  againlt 
it’s  fpring,  will  rufh  into  that  which  was  exhaufted, 
until  it  be  of  equal  denlity  in  both,  and  they  will 
be  held  down  with  equal  forces  to  their  plates,  by 
the  preflure  of  the  atmofphere,  though  each  will 
be  kept  down  with  only  one  half  of  the  preffure 
that  adted  on  the  firlh  wrhen  exhaufted  of  it’s  air. 

Her  e is  a glafs  open  at  both  ends.  I took  a wet 
i bladder. 
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bladder,  and  ftretched  it  over  one  of  thefe  endsy 
tied  it  faft,  and  let  it  dry.  I now  place  it  on  the 
plate  of  the  pump,-  (fig.  14,  pU  1.)  while  the  aif 
preffes  the  bladder  equally  on  both  Tides,  it  lies 
even  and  ftrait;  but  as  foon  as  I begin  to  exhauft 
the  air,  you  fee  it  is  prelfed  inwards,  and  is  quite; 
concave  on  the  upper  fide ; in  proportion"  as  I ex- 
hauft the  air,  the  bladder  is  more  ftretched;  it 
will  foon  yield  to  the  incumbent  preffure,  and 
burft  with  a loud  explofion.  You  obferve  that, 
when  the  bladder  was  much  prelfed  down,  it 
recovered  it’s  fmooth  even  fituatiori,  as  foon  as  I 
let  in  air  to  fupport  it ; but  no  fooner  did  we  take 
away  this  affiftance,  than  the  bladder  burft.  As  the' 
fibres  of  a bladder  are  very  ftrong,  this  experiment 
will  not  always  fucceed,  and  you  w ill  often  find  it 
neceffary  to  facilitate  the  rupture,  by  prefTing  the 
bladder  with  your  finger,  or  the  point  of  a knife : 
to  avoid  this,  and  render  the  experiment  more 
certain,  I macerated  the  bladder,  and  then  took  off 
fome  of  the  lkins  of  which  it  is  compofed  ; being 
thus  rendered  thinner,  it  has  fucceeded  perfectly 
to  our  wifhes. 

You  afk  me,  with  propriety,  w hy  the  weight  of 
air  does  not  break  the  receivers  as  it  burfts  the  blad- 
der ? 'The  ftrength  of  the  receivers  is  derived  from 
their  circular  form;  the  arched  figure  prevents 
them  from  giving  way  inwards,  for  if  they  w ere 
made  with  flatted  Tides  like  this  fmall  thin  bottle* 
the  external  preffure  wTould  break  them  to  pieces 
w hen  the  air  was  removed  from  the  infide.  This 
lquare  bottle  has  a valve  at  the  neck  opening  out- 
wards ; I fet  it  on  the  plate  of  the  pump  with  a 
cage  over  it,  and  a receiver  over  both,  (fig.  2,  pi.  3,) 
and  exhauft  the  air;  that  in  the  bottle  will  come  out 
through  the  valve  : the  air  is  now  exhaufted,  and  I 
fhall  let  it  in  again  fuddenly  ; the  valve  will  prevent 
any  from  getting  into  the  bottle.  The  receiver  is 

now 
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now  full  of  air,  and  you  fee  the  bottle  has  burft  into 
innumerable  pieces,  w ith  a loud  explolion;  for  being 
deprived  of  the- internal  fupport,  it  was  incapable 
of  fuilaining  the  weight  of  the  atmofphere. 
Thenoife  in  thefe  experiments  has  {truck  you  with 
aflonifhment,  it  is  therefore  neceffary  that  1 fhould 
explain  the  reafon  to  you ; it  is  occalioned  by  the 
quantity  and  velocity  with  which  the  air  enters 
the  vacuum.  Mr.  Papin  has  calculated,  that 
the  air  enters  a vacuum  writh  a velocity  that 
would  carry  it  through  1300  feet  in  a fecond  of 
time.  When  I pull  off  the  top  of  this  tooth-pick 
cafe  I rarify  the  air,  for  while  I am  opening  the 
cafe,  the  capacity  thereof  is  increafed,  the  air 
which  before  occupied  this  fhort  fpace,  now  oc- 
cupies a larger  ; and  the  velocity  and  force  re- 
quired to  reftore  it  in  both  pieces  to  it’s  natural 
hate,  occaflons  the  noife.  Other  infiances  will  oc- 
cur, w'hich  you  may  explain  in  the  fame  manner. 

When  I ftretch  out  my  hand,  writh  the  back 
of  it  upwards,  I do  not  feel  the  Weight  of  the  air 
which  preffes  upon  it,  becaufe  the  lov/er  air  preffes 
the  palm  of  the  hand  as  much  upwards,  as  the 
incumbent  column  preffes  the  back  part  do wmwards  ; 
and  thefe  two  mutual  and  contrary  forces  deftroy 
each  other,  fo  that  neither  of  them  is  felt.  But 
if  you  place  your  hand  upon  this  receiver,  w'hile  I 
exhauft  the  air  from  below'  it,  and  thus  remove  the 
air  which  prcffed  upward  againft  the  palm  of  the 
hand,  whilft  the  external  air  preffes  upon  the  back 
part  of  it,  you  will  find  your  hand  preffed  down- 
wards  with  force  enough  to  give  you  pain,  and 
make  you  feel  the  weight  of  the  incumbent  atmo-- 
fphere.  Thus  as  we  feldom  know  the  bleffingS' 
that  furround  us  till  we  are  deprived  of  them ; fo 
in  the  prefent  cafe,  we  w'ere  not  fenfible  of  the 
weight  of  the  ambient  fluid,  till  a part  of  it  w'as 
taken  away,  and  the  preffure  wras  not  fenfible  tillt,he 
Tor.  I.  C coun- 


iS  Lectures  on  Natural  Philosophy 


counteracting  preflure  was  removed.  To  lift  your 
hand  from  the  receiver  when  the  air  is  exhaufted 
from  under  it,  you  muft  exert  a force  capable  of 
railing  the  column  of  air  incumbent  on  it ; now 
this  column  is  equal  in  weight  (as  will  be  evident 
in  the  next  lecture)  to  a cylinder  of  quickfllver, 
whofe  bafe  is  of  the  fame  lize  as  the  mouth  of  the 
receiver  on  which  your  hand  is  laid,  and  whofe 
height  is  about  30  inches  ; of  the  weight  of  fuch 
a column,  you  may  form  fome  idea  by  lifting  up 
this  fmall  bottle  with  quickfilver;  at  the  fame  time 
that  the  hand  is  thus  forced  down,  the  preflure  is 
taken  off  from  that  part  which  is  expofed  to  the 
vacuum;  the  fluids  therefore  flow  to  that  part 
and  caufe  it  to  fwell,  which  is  further  increafed  by 
the  elafticity  of  the  air,  a property  to  be  hereafter 
noticed. 

This  experiment  {hews  alfo,  that  there  is  a 
quantity  ol  ail*  contained  in  the  flefh  and  humours 
of  the  bcxlv,  and  explains  the  nature  of  cupping. 
In  doing  this,  the  operator  generally  takes  a lmal'1 
glafs  clofeattop,  and  holdingit  a littletime  over  the 
flame  of  a lamp,  the  air  is  thereby  rarified,and  a 
part  of  it  driven  out  ; the  glafs  is  then  iucidenly 
clapped  on  the  part  to  be  cupped,  the  remaining 
air  now  cools  and  condenlcs,  and  the  glafs  ad- 
heres to  the  flefh.  In  proportion  to  the  difference 
in  the  preflures  of  the  external  and  internal  air, 
the  flefh  rifes  in  the  glafs  and  becomes  very 
protuberant,  as  in  the  foregoing  experiment,  and 
for  the  very  fame  reafons : the  glafs  being  removed, 
the  part  is  immediately  wounded  by  a fcarilieatoi, 
which  is  a kind  of  lancet  with  many  points.  The 
fdafs  is  then  heated  a fecond  time,  and  applied  as 
before;  blood  and  ferofitics - are  by  the  external 
preflure  of  the  air  forced  from  the  M ounded  vehe  s 
into  the  glafs,  and  when  one  has  done  it’s  oflice 
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atid  drawn  fufhcient,  another  is  applied,  till  th^ 

intended  quantity  is  drawn  off. 

The  be  ft  way  of  cupping  is  by  the  exhaulhng 

fyringe. 

It  muft  be  evident  from  what  you  have  ieen, 
that  the  preffure  will  be  greater  and  more  lenfible, 
in  proportion  as  the  mouth  or  opening  of  the  re- 
ceiver is  larger,  and  confequently  you  will  find 
that  your  hand  will  be  more  firmly  attached  to 
the  receiver,  than  your  thumb  will  be  to  this  hole 

in  the  plate  of  the  pump. 

I have  tied  the  neck  of  a bladder  to  a flop- 
cock,  which  I fhall  ferew  to  the  plate  of  the 
pump,  and  exhauft  the  ail*  from  the  bladder ; I 
now  turn  the  flop-cock  to  prevent  the  re-entrancc 
of  the  air,  and  then  unferew  the  whole  from  the 
pump.  The  bladder  is  transformed  into  two  flat 
fkins,  fo  clofely  applied  together,  that  the  ftrongeft 
man  cannot  raife  one  of  them  half  an  inch  from 
the  other.  When  the  bladders  form  the  area  of  a 
circle  fix  inches  diameter,  each  fide  is  preffed 
down  upon  it’s  fellow  with  a force  equal  to  396 
pounds. 

This  experiment  is  elegantly  illuflrated  by  the 
hemifpheres,  which  are  ufually  termed  the  Mag- 
deburg Hemifpheres  > (fig.  20,  pi.  1,)  as  being  the  in- 
vention of  Otto  de  Guericke,  of  Magdeburg.  I 
apply  thefe  hemifpheres  together,  with  an  oiled 
leather  at  the  place  where  they  fhut;  they  are  now 
cafily  feparated,  and  will  moll  probably  fall  afun- 
der  by  their  own  weight.  I ferew  them  to  the 
pump,  turn  the  flop-cock,  and  then  exhauft  the 
air  from  between  them;  they  now  (as  you  find) 
adhere  ftrongly  together,  with  a force  which  re- 
quires about  15  pounds  for  every  fquare  inch  in 
the  circle.  If  the  air  be  re-admitted,  they  will 
fall  afunder  as  before,  for  the  air  reflores  the 
equilibrium ; before  it’s  admittance,  the  addon 
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within  was  weaker  than  the  action  from  without^ 
and  the  effedt  ceafes  as  foon  as  the  former  is  made 
equal1  to  the  latter. 

To  ihew  this  in  another  way,  I exhauft  the 
hcmifphcres  as  before,  turn  the  cook  to  prevent 
the  re- entrance  of  the  air,  then  fufpend  them  to 
this  hook  under  the  receiver,  and  place  the  whole 
on  the  pump.  What  do, you  think  will  be  the 
confequenecy  if  I exhauft  the  air  from  the  re- 
ceiver ? You  know  they  are  kept  together  by  the 
air  that  incompaffes  them  in  the  receiver.  If  then 
I fhould  take  away  this  air,  there  will  be  nothing, 
fo  oppofe  their  coining  afunder.  I have  exhaufted- 
the  air  from  about  them,  and  you  fee  with  what 
cafe  they  are  feparated.- 

This  fmall  inllrument  (fig.  22,  pi.  ij  is  amo-> 
del  on  a fmall  fcaie  of  a common  water  pump, 
and  will  ferve  to  fhew  you  why  at  every  ftroke  of 
the  common  pump,,  the  water  in  the  well  rifes 
in  the  pipe  below"  till  it  arrives  at  the  ciftern,, 
and  then  runs  out.  The  brafs  tube  reprefents  the 
barrel  of  the  pump,  the  lower  tube  the  pipe,  and 
the  water  in  the  bafon  that  of  the  well.  I raife 
the  pifton,. and  you  fee  the  w'ater  follow’s  it,  riling 
at  every  ftroke  till  it  has  reached  the  ciftern  and 
then  runs*  out.  To  fhew  you  that  this  effect  arifes 
from  the  preifure  of  the  air,  I place  the  pump  om 
this  receiver,  and  put.  it  with  the  jar  of  water  on 
the  plate  of  the  air-pump  y I draw  out  all  the  air 
from  the  receiver,  and  then  raife  and  work  thepil- 
ton,  but  the  w ater  does  not  rife,  as  there  is  noprei- 
furc  of  air  to  produce  that  c fifed > a clear  proof  alfo 
that  pumps  do  not  alt  by  fit  £1  ion. 

This  plate  and  ftop-cock  is  called  a tranf- 
ferrer.  (fig.  12,  pi.  2.)  I ferew  the  ftop-cock  to 
the  pump,  and  then  this  pipe  on  the  plate  of  the 
transferrer,  on  w hich  I alfo  place  an  oiled  leather,, 
and  then  a receiver  on  the  leather.  Exhauft  the 
* air 
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sir  from  the  receiver,  and  then  turn  the  flop- 
cock  to  prevent  the  re-entrance  of  the  air ; now 
unfcrew  the  whole,  and  hold  it  over  the  pail  of 
water,  fo  that  the  mouth  of  the  flop-cock  may  be 
under  water  ; turn  the  flop-cock,  and  the  preHure 
of  the  air  will  force  up  the  water  into  the  receiver, 
and  form  a very  plea  ling  fountain. 

Other  experiments  will  confirm  what  you 
have  already  feen,  by  fhewing  you  that  a quantity 
of  a fluid  as  heavy  as  water  will  not  link  in  the 
iitmofphere,  unlefs  the  air  have  liberty  to  prcfs  on 
it’s  upper  furface. 

I flip  a piece  of  paoer  on  thennouth  of  this 
conical  giafs  which  is  filled  with  water;  I then 
apply  my  hand  to  tire  top  of  the  giafs,  and  invert 
it : I withdraw  my  hand,  the  water  remains  in 
the  giafs  fupported  by  the  prefiure  that  the  air 
exercifes  upwards.  The  tides  of  the  inverted  giafs 
prevent  the  air  from  prefling  on  the  upper  part 
but  it  has  free  accefs  underneath,  and  it’s  prefiure 
is  evident  by  the  concavity  of  the  paper.  The 
w ater  refls  on  the  paper  as  a common  bale,  which 
keeps  the  furface  uniform,  and  prevents  the  wwtcr 
from  ofcillating,  and  thus  forming  a paflage  for 
the  air;  becaufe  when  one  part  of  the  column  of 
water  becomes  longer  than  the  refl,  it  is  heavier, 
and  therefore  defcends  ; by  this  means  the  air  gets 
room  to  alcend  in  the  place  of  the  defcending  v\a- 
ter,  and  a general  prefiure  taking  place,  the  giafs 
is  foon  deprived  of  it’s  contents. 

Upon  this  principle  this  fountain  afils,  the 
upper  part  or  receiver  (fig.  5, pi.  2,)  is  hollow, 
having  a pipe  (c)  foldered  therein,  which  reaches 
. nearly  to  the  top,  on  which  being  thrufl  into  a 
wire  locket  it  refls ; it  is  filled  by  this  pipe  w hen 
inverted  : on  the  under  part  of  the  refervoir  are 
fevcral  fmall  tubes,  through  which  the  water  will 
$ow  on  the  admiflion  of  air.  The  bottom  part  is 
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hollow  to  receive  the  water  flowing  from  thefc 
tubes,  which  it  does  through  a fmall  hole  placed 
immediately  under  the  orifice  of  the  middle  pipe  ; 
the  area  of  this  hole  is  fomewhat  fmaller  than  that 
of  all  the  fmall  holes  taken  together;  when  thefe 
therefore  all  tun,  they  will  yield  more  water  than 
can  be  received  in  any  given  time.  This  will 
caufe  the  wrater  to  rife  in  the  bafon,  fo  as  fre- 
quently to  cover  the  end  of  the  middle  pipe ; this 
prevents  the  entrance  of  the  air,  and  takes  off  it’s 
preffurc  from  the  furface  of  the  water  in  the  re- 
fervoir,  which  prevents  the  defcent  of  the  fluid 
through  the  fmall  tubes  till  the  water  at  bottom 
has  run  off,  and  left  a free  paffage  for  the  air. 
By  obferving  this  circumftance,  you  may  eafily 
give  the  word  of  command,  and  fay  when  it  fhall 
flop,  and  when  go  on;  this  machine  is  called  the 
fountain  of  command . 

There  are  a number  of  fmall  holes  in  this  tin 
veffel  ; the  mouth  is  not  more  than  £ of  an 
inch  in  diameter.  Plunge  the  veffel  in  water,  and 
w hen  it  is  full  cork  it  up,  and  take  it  out  of  the 
water ; fo  long  as  the  veffel  remains  corked,  no 
w ater  will  come  out ; but  as  foon  as  the  air  has  ac- 
Cefs  to  the  upper  furface,  which  it  will  have  on 
your  taking  out  the  cork,  the  water  will  iffue  from 
the  fmall  holes  at  the  bottom. 

I cannot  difmifsthis  part  of  our  fubjedt,  with- 
out explaining  a little  infixument  called  the  anti- 
guggley-y  (fig.  \ypl.  2, ) formerly  much  ufed  for  de- 
-canting  of  liquors  liable  to  fediment. 

As  you  have  feen  the  neceflity  of  the  air’s  up- 
per preffure,  to  promote  the  eafy  and  uniform  flux 
of  fluids  from  clofe  veffels,  commonly  called  giv- 


ing them  vent ; you  will  not  be  furprized,  that  in 
decanting  liquors  where  this  upper  preffure  is 
wanting,  there  fhould  happen  a kind  of  drug- 
gie, between  the  grolfer  fluid  endeavouring  by  it’s 
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greater  gravity  to  iffue  forth,  and  the  air  endea- 
vouring to  prevent  it  by  it’s  repreffure;  hence 
fuch  a convulllve  motion  is  often  produced  in  the 
body  of  the  liquor  as  to  render  it  foul.  To 
prevent  this  inconvenience,  the  anti-guggler  was 
invented;  it  con  lifts  of  a crooked  tube  of  metal, 
ib  bent,  as  to  be  ealily  introduced  into  the  neck 
of  moft  bottles. 

To  life  this  inftrument  with  fuccefs,  the  bot- 
tle containing  the  liquor  to  be  decanted,  is  to  be  in- 
clined a little  to  one  fide.  Let  afmall  quantity  of 
liquor  run  oft',  half  a fpoonful  perhaps ; to  anfwer 
this,  an  adequate  quantity  of  air  will  enter  through 
the  neck  with  a kind  of  glub,  and  rife  into  the 
upper  part  of  the  bole  ; with  your  fore  finger  on 
the  ring  (c),  and  your  thumb  held  clofe  to  the 
neck  of  the  pipe  (A),  introduce  the  machine  into 
the  neck  of  the  bottle,  thrufting  it  quite  through 
the  body  of  the  liquor  till  the  end  (B)  reaches, 
or  is  very  near  the  bubble  of  air  before  admitted; 
in  doing  this,  the  liquor  cannot  enter  into  the  tube 
on  account  of  the  inciofed  air,  which  is  prevent- 
ed from  efcaping  by  the  thumb.  Take  off  your 
thumb,  and  an  immediate  vent  will  be  given  to 
the  bottle,  and  the  liquor  will  flow  out  fteadily 
and  unconvulfcd. 

Our  next  experiment  will  be  with  a fyringe  and 
a leaden  weighty  (fig.  9,  pi.  i})  at  the  bottom.  Thepif- 
tonof  this  fyringe  is  different  from  that  of  acommon 
one,  as  it  has  no  hole  through  it,  nor  valve;  it  is 
called  a folid  pifton.  If  therefore  I place  the  pif- 
ton at  the  bottom  of  the  fyringe,  ferew  on  the 
lead  weight  with  a piece  of  leather  to  prevent  any 
air  getting  in,  and  then  lift  up  the  pifton ; it  is 
evident  that  it  leaves  a vacuum  below  it : — let  us 
fee  the  confequence.  I let  go  the  pifton,  and  it 
liies  rapidly  to  the  bottom  on  account  of  the  air’s 
preffure  upon  it,  fo  that  the  pifton  and  the  lead 
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weight  are  kept  together  by  the  prefFure  of  the 
external  air.  I (hall  now  fufpend  it  under  a re- 
ceiver j upon  exhaufting  the  air,  and  leffening  it’s 
force  on  the  fyringe,  the  weight  of  the  lead  will 
caufe  the  fyringe  to  defcend  from  the  pifton,  and 
that  lower  in  proportion  as -the  air  is  more  ex- 
haufied ; on  letting  in  the  air,  it  forces  the  fyringe 
up  again  to  the  piflon. 

Every  experiment  you  have  feen  has  furnifhed 
infiruclion,  and  though  fome  may  at  firft  fight 
appear  of  but  fmall  importance,  their  value  will 
be  evident  when  you  come  to  other  branches  of 
fcience.  Here  is  a large  piece  of  cork  pending 
from  one  end  of  a ballanoe  beam,  a fmall  piece  of 
lead  is  at  the  other  end  of  the  beam,  the  lead  ra- 
ther preponderates  over  the  cork  ; let  us  place  this 
apparatus  under  a receiver  on  the  pump;  v hen 
the  air  is  exhaufied,  you  will  find  the  coil,  which 
now  feems  the  lighted:,  proves  the  heavier  body, 
and  preponderates  the  lead.  I have  only  moved 
the  winch  twice,  and  you  fee  that  the  cork  and 
lead  are  in  perfect  equilibrium  ; as  I exhaufithe  air, 
you  fee  the  cork  preponderate  the  lead  as  far  as  the 
beam  will  admit;  you  will  hereafter  fee  many  expe- 
riments to  prove,  that  bodies  moving  in  a fluid  meet 
with  a refiftance  from  it ; and  that  in  proportion  as 
their  bulk  is  larger  thanan  equal  bulk  of  the  fluid.  The 
air  is  a fluid ; and  the  cork  of  equal  weight  with 
the  lead  being  many  times  larger  in  bulk,  will 
meet  with  fo  much  more  refi fiance  from  the  air  ; 
this  refifiance  will  oppofe  a delcent  of  the  cork 
more  than  it  does  that  of  the  lead,  and  will  con- 
fequently  diminifh  more  of  it’s  weight.  Hence 
when  the  weights  are  equal  in  air,  it  muft  follow, 
that  w'hen  it  is  taken  away,  the  larger  bulk  ot 
cork  -which  was  before  refilled,  will  prove  the 
heavier  body,  as  you  have  feen  in  the  prefent  in- 
fiance. 
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A pair  of  common  bellows  is  a philofophical 
indrument.  I have  flopped  the  vents  or  apertures 
of  this,  and  you  will  now  find  it  very  difficult  to 
open  the  bellows;  this  difficulty  arifes  from  the 
weight  of  air  on  the  boards,  which  will  be  removed 
as  loon  as  I unflop  the  vents,  and  let  the  air  get  in. 
When  the  upper  part  of  the  bellows  is  lifted  up,  the 
body  of  air  is  lifted  lip  from  the  lower  part,  and 
the  air  rufhes  in  at  the  vent  at  bottom  to  fill  up  the 
fpace  between  the  two  boards.  When  I deprefs  the 
upper  board,  the  air  p relies  againfl  it,  and  (huts  the 
valve  at  the  vent,  and  not  being  able  to  efcape  that 
way,  is  forced  with  rapidity  through  the  narrow  hole 
of  the  pipe,  and  being  directed  to  the  fire  makes  it 
burn  brilkly. 

By  the  prefTure  of  the  air,  the  diction  of  ani- 
mals is  explained.  When  a child  fucks  at  the 
bread,  it  performs  by  a natural  and  eafy  mechanifrn, 
what  we  perform  by  our  machines  in  an  aukward 
and  laborious  manner.  When  the  mouth  is  applied 
to  the  bread,  the  child  draws  in  it’s  breath,  then  ftops 
the  entrance  into  the  mouth  by  the  nodril,  and 
fqueezes  the  nipple  between  his  lips  ; the  entrance 
of  the  air  being  excluded,  and  a vacuum  made,  the 
prefTure  of  the  air  upon  the  mother’s  bread  will 
force  the  milk  into  the  mouth,  as  long  as  the  child 
continues  to  carry  it  off,  and  preferves  by  it’s  tongue 
the  vacuum.* 

Sucking  and  fwallowing  are  very  complex 
operations.  Anatomifts  deferibe  about  thirty  pair 
ot  mufcles  that  mud  be  employed  at  every  draught: 
of  thofe  mufcles  every  one  mud  be  ferved  by  it’s 
proper  nerve,  and  can  make  no  exertion  but  by 
Tome  influence  communicated  by  the  nerve.  The 
exertion  of  all  thofe  mufcles  and  nerves  is  not  fimul- 
taneous,  they  mud  fucceed  each  other  in  a certain 
order  ; and  their  order  is  no  lefs  neceffary  than  the 
exertion  itfelf.  This  regular  train  of  operations  is 

carried 
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carried  on  according  to  the  nicefl:  rules  of  art,  by 
the  infant  who  has  neither  art,  nor  fcience,  nor 
experience,  nor  habit. 

I have  now  Ihewm  you  with  what  powers  of 
refinance  the  air  is  endowed,  it’s  comparative 
weight  with  that  of  other  bodies,  and  the  amazing 
force  of  this  weight : this  knowledge  has  enabled 
us  to  explain  feveral  of  the  common  phenomena 
which  are  continually  occurring  to  us.  The  fur- 
ther you  advance,  the  more  you  will  comprehend, 
till  at  lad  wherever  you  go  you  will  meet  with  ob- 
jedts  of  information.  Arts,  manufactures,  com- 
merce, laws,  civil  government,  the  order  and 
happinefs  of  fociety,  are  the  refult  of  knowledge 
and  fcience,  and  participate  in  their  improvement, 
and  together  with  them  make  advances  towards 
perfection,  or  fink  into  barbarian  darknefs.  Though 
young  in  years,  you  are  put  in  poffeffion  of  fadts,  of 
which  the  fages  of  antiquity  w;ere  ignorant.  The 
philofophers  of  the  early  ages,  like  the  tr  children 
of  the  wrorld,”  w^ere  amufed  and  fatisded  with  the 
obfeurityof  hypothecs,  and  the  illudons  of  conjecture  ; 
but  the  world  riling  in  years  and  in  wifdom,  rejedts 
fuch  methods  of  philofophifing,  and  confiding  in 
fadts  alone,  is  enabled  to  interpret  the  operations  in 
nature,  and  draw  afide  her  veil.*  Indeed  the 
Almighty  teaches  and  inftrudts  us  in  the  invijible 
things  of  himfelf,  no  otherwife  than  through  the 
medium  of  the  things  that  are  made  ; and  therefore 
he  firft  gave  us  the  knowledge  of  the  natural  w orld, 
that  through  it  w e might  attain  to  that  of  the  fpi- 
ritual.  The  foot  of  the  ladder  was  let  down  to  earth, 
that  w e thereon  might  afeendto  heaven. f 

* Sir  J.  Pringle's  Difcourfcs.  + Bp.  of  Norwich. 
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LECTURE  II. 

IT  is  of  the  utmoft  importance  to  your  real  ad- 
vancement in  fcience,  to  avoid  every  fource  of 
error,  or  whatever  may  lead  you  to  form  an  erro- 
neous judgment.  Nowr  a true  judgment  can  only 
be  obtained  by  a profound  view  of  nature,  and  a 
IhricSt  examination  into  the  mutual  connections  and 
dependencies  of  things ; you  will  hence  fee  the  ne- 
ceftity  of  ftribt  and  accurate  examination,  of  time 
to  acquire  the  requifite  knowledge,  and  of  atten- 
tion to  comprehend  it : for  among  the  various 
fources  of  error,  we  may  reckon  the  precipitation 
of  our  judgment,  and  a prefumptuous  ignorance  as 
the  principal.  From  thefe,  as  from  a fruitful 
fpring,  arife  obftinacy  in  error,  and  refifhmce  to 
truth.  A prefumptuous  and  untra&able  difpofition 
is  not  fitted  to  receive  inftruClion  : it  is  a fhibborn 
and  ftony  foil  on  which  the  feed  fown  is  intirely 
loft,  never  producing  fruit.  Prefumption  and 
prejudice  are  two  of  the  great  fources  of  human 
infelicity,  and  yet  we  are  too  apt  to  indulge  both 
in  ail  the  objedls  of  our  will  and judgment , the  con- 
sequences of  which  is  our  frequent  mifearriages 
in  the  purfuits  both  of  happinefs  and  knowledge . 

Mankind  are  always  ready  to  adopt  or  rejecT 
what  accords  with  pre-conceived  opinions,  to  make 
reafon  fubfervient  to  prejudice,  and  to  reject  with- 
out examination,  whatever  is  difcordaiit  with  a 
received  fyftem  ; thus  cloft ng  the  door  of  fcience, 
and  excluding  themfelves  from  the  benefit  of  light. 
We  are  told  of  a Florentine  philofopher,  whofe  pre- 
judices had  taken  fodeep  root,  that  he  could  never 
be  perfuaded  to  look  through  one  of  Galileo’s  tc— 
lefcopes,  left  he  fhould  fee  fomething  in  the  hea- 
vens that  might  dilturb  his  belief  of  the  Anftotclian 
philofophy. 

The 


l 


2S  Lectures  on  Natural  Philosophy. 

The  principal  and  fureP  Pep  towards  the 
poffeflion  of  the  good  we  feek,  is  our  love  of  and 
affection  for  the  object;  this  quickens  indufry,  and 
fharpens  attention  ; fo  that  the  love  of  truth  is  the 
beP  means  of  lucceeding  in  the  fearch  of  it.  There 
is  hardly  any  one  who  fufpects  he  wants  this  love, 
and  yet  how  few  are  there  whom  their  confidence 
does  not  deceive.  We  miftake  the  love  of  our 
opinions  for  the  love  of  truth,  becaufe  we  fuppofe 
our  own  opinions  to  be  true  ; andyetfor  the  mop  part 
they  have  been  received  upon  credit,  and  are  con- 
fequentiy  more  likely  to  be  falfe.  The  love  of  our 
opinions  is  in  this  cafe  the  love  of  error,  and  the 
affections  being  mifplaced  are  a greater  impediment 
in  the  purfuit  of  truth,  than  if  we  had  no  affec- 
tions at  ail  concerning  it. 

You  fhould,  therefore,  fet  out  in  the  fearch 
of  truth  as  of  a ftranger,  not  in  fearch  of  arguments 
ro  fupport  your  own  opinions,  and  endeavour  to 
maintain  your  mind  in  a Pate  of  equilibrium,  an 
indifference  for  every  thing  but  known  and  well 
attePed  truth,  totally  regardlefs  of  the  place  from 
whence  it  comes,  or  that  to  which  it  tends ; being 
fully  perfuaded  that  truth , no  more  than  it’s  author , 
can  fink  to  the  level  of  our  ignorance  ; but  that  by 
a proper  cultivation  of  our  reafon  we  may  rife  to 
truth,  may  reach  it’s  fublimeP  height,  it’s  ref  dence 
near  the  footPool  of  the  Almighty.* 

Of  the  Barometer  or  Torricellian  Vacuum, 

An  account  of  the  origin  of  the  barometer  will 
be  a Prong  confirmation  of  the  truth  of  thefe  poll- 
rions ; it’s  hiftory  is  fo  connected  with  that  of  found 
philofophy,  that  the  one  naturally  recalls  the  other 
to  the  mind.  The  torricellian  experiment  on  which 
it  is  founded,  like  a river  fmall  in  it’s  origin,  but 

Jarg« 
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large  in  it’s  progrefs,  has  been  the  happy  means 
©f  fpreading  light  through  nations  who  are  even 
yet  ignorant  of  it’s  name,  and  been  productive  oi 
benelits  to  thofe  who  are  unacquainted  with  it’s 
principles. 

Till  the  lad  century,  mankind,  though  loaded 
and  compreiied  by  the  weight  ot  the  atmofphere, 
refufed  to  acknowledge  it’s  action.  In  vain  all  na- 
ture depoled  that  the  air  was  heavy  and  elaftic, 
they  fhut  their  eyes  to  it’s  teftimony.  Water  was 
railed  in  pumps,  and  ran  through  fyphons  in  for- 
mer times  as  at  prefent.  The  tides  ot  a pair  of 
bellows,  whofe  apertures  are  clofed,  were  then  as 
now  feparated  with  difficulty,  children  fucked,  the 
air  entered  rapidly  into  the  lungs  at  each  infpira- 
tion,  cupping  glaffes  were  ufed  to  raife  the  flefh ; 
yet  notwithflanding  thefe  manifeft  proofs  of  the 
weight  of  the  air,  ancient  philofophers  maintained 
that  it  had  no  weighty  exerted  no  prejfure ; and  ex- 
plained all  thefe  phenomena  by  a horror  which  they 
fuppofed  nature  to  have  for  a vacuum,  contenting 
themfelves  with  thinking  after  Ariftotle,  that  nature 
hated  a void,  and  therefore  made  all  poffible  hafte 
to  fill  it,  when  the  art  of  man  had  made  one- 
This  is  not  the  only  inftance  that  will  occur  in  your 
refearches  after  truth,  in  which  you  will  find  words 
alone , feparated  from  the  ideas  annexed  to  them,  and- 
from  all  explication  of  the  operation  which  they 
effect,  have  been  imagined  fufficient  to  account  for 
phyfical  phenomena,  though  they  leave  us  as  defti- 
tute  of  all  information  as  we  were  before  we  ufed 
them. 

You  will  be  more  furprized  that  mankind 
ffiould  continue  in  error,  after  they  had  perceived 
and  acknowledged  that  this  horror  had  it’s  limits- 
It  was  not,  however,  till  the  17th  century,  that  they 
began  to  try  what  were  the  boundaries  of  this 
horror. 


Some 
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Some  plumbers  belonging  to  the  Duke  of  Flo- 
rence, wanting  to  raife  water  50  or  60  feet  high, 
endeavoured  to  effect  it  by  what  is  called  a common 
fucking  pump;  noUvithftanding  they  ufed  all  pof- 
fible  care  in  the  conftrudtion,  they  could  not  raife 
water  higher  than  32  feet.  Tired  out  with  repeated 
trials,  they  applied  to  Galileo,  one  of  the  fathers  of 
modern  philofophy,  for  a folution  of  their  difficul- 
ties : for  if  the  water  rofe  on  account  of  nature’s 
horror  for  a vacuum,  it  would  follow  that  water 
might  be  raifed  to  any  altitude,  for  why  fhould  na- 
ture have  a greater  averfion  to  one  height,  than  to 
another?  it  was  therefore  confidently  afferted  by 
fome  who  had  embraced  this  opinion,  that  it  might 
be  raifed  ad  libitum.  Galileo,  who  had  hitherto 
contented  himfelf  with  the  common  notion  of 
nature’s  abhorrence  of  a vacuum,  now  acknow- 
ledged that  this  horror  had  it’s  limits,  and  with  this 
he  contented  himfelf.  Galileo  had  found  that  the 
air  had  weight,  but  the  difeovery  of  it’s  preffure 
was  referved  for  Torricellius. 

When  weconlider  the  abilities  of  Galileo,  and 
refleCt  on  his  various  difeoveries,  as  of  the  ifochroni- 
cai  vibrations  of  the  pendulum,  the  laws  of  falling 
bodies,  &c.  we  are  furprized  that  he  fhould  fail  in 
one  apparently  more  evident,  and  whofe  bounda- 
ries he  fo  nearly  approached.  How  great  muft  be 
the  force  of  prejudice,  which  could  have  fuch  in- 
fluence on  a mind  like  that  of  Galileo  1 

But  mankind  had  now,  for  more  than  a thou- 
fand  years,  looked  up  to  Ariftotle  as  an  oracle  in 
philofophy.  His  authority  was  the  tefl  of  truth  ; 
it  was  a philofophy,  fays  Lord  Bacon,  fruitful  of 
words,  but  barren  of  works  ; admirably  contrived 
to  draw  a veil  over  ignorance,  and  put  a flop  to  the 
progrefsof  knowledge,  by  filling  men  with  a con- 
ceit that  they  knew  every  thing:  a philofophy, 

that  inflead  of  accounting  for  any  of  the  pheno- 
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mena  of  nature,  contrived  to  give  learned  names  to 
their  unknown  caufes,  and  fed  men  with  hulks  of 
barbarous  terms,  infteadof  the  fruits  of  real  know  - 
ledge.* At  length  men  grew  wifer  by  the  folly  of 
thole  that  went  before  them,  and  a different  me- 
thod of  ftudying  nature  was  invented  and  purfucd; 
in  which  fancy  w as  excluded,  and  fad:  only  allowed 
for  a folid  ground  of  phyfical  progrellion. 

The  difcovery  of  the  barometer  by  Toricellius 
in  1643,  was  one  of  the  ff rib  effects  of  thefe  re- 
fearches.  He  formed  the  firft  rough  model  of  a 
barometer  in  a pipe,  or  tube  of  60,  and  afterwards 
of  40  feet  in  length ; which  being  immergcd  and 
fufpended  in  a veflel  of  w7ater,  and  the  air  extracted 
by  a fyringe,  the  water  was  always  found  to  rife  and 
continue  fufpended  at  the  height  of  32  or  33  feet, 
with  fome  fmall  variation,  but  could  by  no  art  be 
drawn,  or  kept  up  to  the  height  of  38  or  40  feet. 

But  this  inftrument  being  of  an  unmanage- 
able length  and  lize,  Torricellius  conlidered  that 
the  quicklilver  endeavours  to  defeend  by  it’s  gra- 
vity, with  a force  equal  to  that  by  wrhich  it’s  de- 
feent  is  prevented;  and  comparing  the  fpecific  gra- 
vities of  the  two  fluids,  and  filling  a tube  of  glafs 
with  quickfiiver  inftead  of  w7ater,  he  found  the  ef- 
fect equally  and  furprizingly  to  anfwer,  and  by  the 
advantage  of  fo  weighty  a fluid,  he  reduced  the  ba- 
rometer in  it’s  length  from  40  feet  to  32  inches; 
the  water  being  raifed  as  much  higher  as  it  was 
lighter  than  the  mercury.  Hence  Torricellius 
concluded,  that  they  were  both  fupported  by  the 
fame  counter-weight,  and  that  this  counterpoize 
was  the  air  ; and  you  will  fee  by  other  experiments, 
that  when  this  counterpoize,  or  the  external  pref- 
fure  of  the  air,  is  removed,  the  mercury  falls  into 
the  bafon. 

ra 
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To  fill  a barometer  tube.  I take  a clean  warm 
glafs  tube  about  33  inches  long,  and  pour  quick- 
lilver  into  it  by  means  of  a fmall  paper  funnel  ; you 
obferve,  that  as  the  quickfilver  riles  in  the  tube, 
there  are  bubbles  of  air  left  behind  in  feveral  parts  » 
I continue  pouring  the  quickfilver  till  it  fills  the 
tube  within  about  half  an  inch  of  the  top.  1 then  apply 
my  finger  hard  and  clofe  upon  the  top  of  the  tube, 
and  invert  it ; by  which  means  the  air  that  was  on 
the  top,  now  riling  through  all  the  quickfilver,  ga- 
thers every  bubble  in  it’s  way.  I revert  the  tube  or 
turn  it  up  again,  and  the  bubble  of  air  reafcends, 
and  if  there  are  any  fmall  bubbles  left,  carries  them 
away  ; if  however  any  remain,  the  operation  mult 
be  repeated.  I now  fill  the  tube  to  the  top, 
and  placing  my  finger  on  the  open  end  of  the  tube, 
plunge  that  end  into  this  bafon  of  quickfilver;  when 
the  end  of  the  tube  is  perfectly  fubmerged  in  the 
quickfilver,  I take  my  finger  away,  and  you  fee  the 
quickfilver  remains  fufpended  in  the  tube,  leaving 
a Vacuum  at  top.  The  column  of  quickfilver  is 
about  30  inches  in  height,  now  you  will  obferve 
that  there  can  be  no  air  in  the  fpace  between  the 
quickfilver  and  the  top  of  the  tube,  for  till  the  fin- 
ger that  clofed  the  orifice  in  the  bafon  was  taken 
away,  that  fpace  was  filled  with  quickfilver,  and 
the  quickfilver  which  was  33  inches  high,  funk 
in  the  tube,  and  left  that  fpace  free  from  air,  for 
no  air  could  get  into  the  tube,  unlefs  it  could 
force  it’s  way  through  the  quickfilver  in  the  bafon, 
and  the  30  inches  in  the  tube ; or  penetrate 
through  the  fealecl  end  of  the  tube  : but  as  neither 
of  thofe  can  be  done,  it  follows,  that  in  the  part  of 
the  tube  which  the  quickfilver  leaves,  there  muff 
be  a vacuum. 

This  experiment  was  foon  communicated  to 
the  literati  of  Europe,  who  led  by  the  bright  exam- 
ples of  Galileo  and  Bacon,  were  then  juft  emerging 
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from  the  darknefs  of  the  fchools,  and  in  queft  of 
new  difeoveries.  Among  others  it  had  thehappinefs 
of  engaging:  the  attention  of  the  defervedly  ccle- 
brated  Pafcal , a man  who  was  as  remarkable  for 
unfeigned  piety,  as  for  extent  of  genius.  He  foon 
rendered  evident,  what  had  as  yet  been  conlidered 
only  as  probable.  His  experiments  are  too  nume- 
rous to  be  inferred  here  : there  is  one  however  which 
mult  be  noticed,  not  only  becaufe  it  is  a fatisfac- 
tory  proof,  that  the  prelfure  of  the  air  fupports  the 
mercurial  column  in  the  barometer,  but  alfo  be- 
caufe it  pointed  out  a very  important  ufe  of  this 
inftrument,  namely,  that  of  meafuring  the  heights 
, of  mountains.  As  there  is  always  fomething  to  be 
gained  by  hearing  Pafcal  fpeak  for  himfelf,  I fhall 
read  to  you  a letter  he  wrote  in  1647,  to  Mr*  Per- 
rier his  brother-in-law.  ff  I have  thought,”  fays  he, 

<f  of  an  experiment,  which,  if  it  can  be  executed  with 
accuracy,  will  alone  be  fufficient  to  elucidate  this 
fubjecL  It  is  to  repeat  the  torricellian  experiment 
feveral  times  in  the  fame  day,  with  the  fame  tube 
and  the  fame  mercury,  fometimes  at  the  foot,  fome- 
times  at  the  fummit  of  a mountain  5 or  600  fathoms 
in  height.  By  this  means  we  fhall  afeertain,  whether 
the  mercury  in  the  tube  will  be  at  the  fame  or  a 
different  height  at;  each  of  thefe  ffations.  You  per-  - 
ceive  without  doubt  that  this  experiment  is  deci- 
live.  For  if  the  column  of  mercury  be  lower  at 
t fee  top  of  the  ~ hill,  than  at  the  bafe,  as  I think  it 
will,  it  clearly  follows  that  the  prelfure  of  the  air 
is  the  foie  caufe  of  the  fufpenlion  of  the  mercury 
in  the  tube,  and  not  the  horror  of  a vacuum  ; as  it 
is  evident  there  is  a longer  column  of  air  at  the  bot- 
tom of  the  hill,  than  at  the  top  : but  it  would  be 
abfurd  to  fuppofc,  that  nature  abhors  a vacuum 
more  at  the  bafe,  than  at  the  fummit  of  a hill.  For 
if  the  fufpenlion  of  the  mercury  in  the  tube  is  ow  - 
ing to  the.  prelfure  of  the  air,  it  is  plain  it  mu  ft  be 
Vol.  I.  \ D equal 
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equal  to  a column  of  air,  whofe  diameter  is  the' 
fame  with  that  of  the  mercurial  column,  and  whofo 
height  is  equal  to  that  of  the  atmofphere,  from  the- 
furface  of  the  mercury  in  the  bafon.  Now  the  bafe 
remaining  the  fame,  it  is-  evident  the  preffure  wi  1 1 
be  in  proportion  to  the  height  of  the  column,  and 
that  the  higher  the  column  of  the  air  isy  the  longer 
will  be  the  column  of  mercury  that  will  be  fufMned, 
M.  Perrier  triedthis  experiment  on  the  Pui'de  Doms 
in  the  manner  preferibed  by  M.  Pafcal,  whofe  con- 
jedhires  it  perfectly  verified,  for  the  mercury  in  the 
barometer  fell  in  proportion  as-  M,  Perrier  afeen- 
ded  the  mountain. 

Other  proofs  of  the  fame  truth  are  pleafmgly 
obtained  from  the  air-pump:  for  by  thisinflrument 
we  can  {hew  what  will  happen  when  the  preffure 
of  the  air  is  removed  from  the  barometer.  For 
this  purpofe  I place  this  barometer  on  the  plate  of 
the  pump,  putting  a long  receiver  over  it.  (fig.  ir,. 
pi.  3.)  I begin  working  the  pump,  and  you  fee 
the  mercury  immediately  defeends,  and  that  it-  con- 
tinues defeending  in  the  tube,-  and  going  into  the 
jar  all  the  while  I am  exhaii fling  t-he  air ; when 
there'  is  no  air  left,  there  is  no  mercury  fufpended. 
A column  of  30  inches  was  fufpended  whilft  the  air 
preffed  freely  on  the  mercury  ; but  this  height  dc- 
crcafedas  the  preffure  grew  lefs,  and  none  is-  fup- 
ported  when  that  preffure  is  removed..  The  pref- 
fure of  the  air  being  the  power  by  which  the  mer- 
cury is  fufhained  in  the  barometer,  it  is  a confe- 
quence  that  on  the  removal  of  the  air  from  the  mer- 
' cury’s  furface,  the  mercury  in  the  tube  muft  dc~ 
lcend.  It  is  plain  that  it  is  the  weight  of  the  air 
that  fupports  the  mercurial  column.  This  conclu- 
fion  is  confirmed  by  the  readmiffion  of  the  air  into- 
the  receiver;  for  on  my  doing  this,  you  fee  that  the 
mercury  which  had  before  fallen  out,  is  now  pref- 
•fed  into  the  tube,  and  rifes  therein  till  inftands 
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again  at  it’s  former  height.  A barometer  inclu- 
ded in  the  receiver  of  an  air-pump,  is  of  great  life 
in  afeertaining  the  preffure  of  the  air  remaining 
in  it  after  having  been  partly  exhaufted.  For  this 
preffure  will  always  be  to  the  preffure  of  the  at- 
mofphere  on  a given  furface,  as  the  height  of  the 
mercury  in  the  tube  is  to  the  ftandard  altitude. 
The  barometer  when  applied  to  this  ufe  is  called 
a guage.  There  is  another  kind  of  guage , (A, fig.  2, 
pi.  1,)  confifting  of  a fhort  tube  hermetically 
fealed  at  one  end,  filled  with  quickfilver,  and  in- 
verted with  the  open  end  into  a fmall  jar  of  quick- 
filver, and  placed  on  a fmall  plate  communicating 
\vith  the  receiver.  Now  as  the  barometer  fhews 
the  degree  of  exhauftionby  it’s  riling,  fo  this  guage 
fhews  how  far  the  air  is  exhaufted  by  the  defeent 
of  the  quickfilver : for  as  the  air  is  drawn  out  of 
the  receiver,  it  is  at  the  fame  time  drawn  out  of 
the  glafs  placed  over  the  guage,  and  confequentlv 
it’s  preffure  on  the  quickfilver  in  the  bafon  being 
conftantly  diminifhed,  it  will  at  length  become 
lefs  than  the  weight  of  the  mercury  in  the  tube, 
at  which  time  the  mercury  will  begin  to  fubfide  ; and 
as  the  air  is  further  exhaufted,  will  ftill  fink  lower* 
till  at  laft  it  will  ftand  but  a very  fmall  height 
above  the  furface  of  that  in  the  jar. 

I ftiall  give  you  one  proof  more  by  an  expe- 
riment of  fo  limple  a nature,  that  you  may  ealily 
repeat  it ; no  apparatus  is  required,  but  a glafs 
tube  open  at  both  ends  ; with  this,  fome  mercury 
and  a piece  of  bladder,  you  may  readily  prove  to 
any  of  your  companions,  the  principles  on, which 
fo  heavy  a fluid  as  mercury  remains  fufpended  in 
the  barometer.  Here  is  a tube  of  glafs,  about  33 
inches  long,  open  at  both  ends  ; 1 ftiall  ciofc  one 
of  the  ends  with  this  piece  of  wet  bladder,  tying 
it  fall  thereon.  I now  fill  the  tube  as  I did  * the 
barometer,  put  my  finger  on  the  open  end, 
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and  immerge  the  end  covered  by  my  finger  in  this 
vefTel  of  mercury  without  letting  in  any  air ; I 
take  away  my  finger,  and  you  perceive  that  a part 
of  the  mercury  precipitates  itfelf  into  the  bafon, 
and  the  reft  remains  fufpended  as  in  our  former 
experiments.  You  obferve  alfo,  that  the  bladder 
is  forced  into  the  tube,  being  convex  on  the  fide 
next  the  mercury.  I fhall  now  make  a hole  in  the 
bladder  with  a fine  needle;  you  fee  with  what 
velocity  the  mercury  is  precipitated  into  the 
bafon  ; the  column  of  air  that  entered  at  the 
top,  being  equal  to  that  by  which  the  mercury 
was  fufpended,  the  mercury  defcends  by  it’s  own 
weight. 

Though  thefe  experiments  render  this  fubjeCt 
fo  plain  and  evident,  yet  on  it’s  firft  difcovery,  it 
had  to  ftruggle  with  the  prejudices  of  thofe  who 
had  been  accuftomed  to  think  only  in  a certain 
fyftematic  way,and  who  could  notbcprevailedon  to 
abandon  their  favourite  opinions.  The  various 
fubterfuges  employed  at  this  period,  and  their  con- 
futations, may  be  feen  in  the  works  of  Pafcal, 
Boyle,  and  Power.  By  degrees,  however,  the  ex- 
periment you  have  feen  foltened  ancient  preju- 
dices, the  prepofteftions  in  favour  of  an  abfurd 
fyftenv  Vanifhed,  and  the  weak  opinion  by  which 
the  multitude  is  governed,  began  to  lofe  it’s  in- 
fluence. 

You  have  feen  the  preffure  of  the  air  down- 
wards; I fhall  now  {hew  you  the  action  of  this  pref- 
fure in  different  directions,  for  like  other  fluids 
it  prefles  equally  every  way.  I have  here  a tube 
for  the  torriccllian  experiment  with  a lateral  open- 
ing covered  by  a bladder;  I fill  and  invert  it,  as 
in  the  preceding  cafes,  and  you  fee  the  mercury 
remains  fufpended  as  before  ; I pierce  the  bladder, 
and  the  air  which  enters  by  this  aperture,  di- 
vides the  column  of  mercury  into  two  parts, 

forcing 
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forcing  011c  downwards  into  the  bafon,  and 
carrying  the  other  upwards  with  great  violence 
againft  the  top  of  the  tube ; thus  {hewing  you  the 
action  of  the  air  in  two  different  directions. 

Here  is  a barometer  properly  filled,  and  immer- 
fed  in  a bafon  of  mercury ; the  bafon  is  fo  deep,  that 
you  may  lift  the  tube  up  a good  way,  without 
railing  the  lower  orifice  above  the  furface  of  the 
mercury ; you  will  find  that  on  lifting  the  tube 
you  raife  a weight  equal  to  that  of  the  column  of 
mercury  fuftained  in  it.  That  this  is  not  the 
weight  of  the  mercury,  is  evident  from  this  con- 
fideration,  that  in  lifting  the  tube  you  do  not  raife 
the  mercury,  the  tube  riles  by  itfelf,  and  flips  over 
the  column  of  mercury  contained  in  it ; the  top 
of  this  column  beinor  no  further  from  the  furface 
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of  the  ftagnant  mercury  after  you  have  lifted  up 
the  tube,  than  it  was  before.  Neither  indeed  ought 
the  weight  of  the  mercury  in  the  tube  to  be  felt ; 
for  the  preffure  of  the  atmofphere  upwards  fupports 
that  weight.  But  as  the  preffure  upwards  is  thus 
counterpoized  by  the  mercury  in  the  tube,  there 
is  nothing  to  fupport  and  counteract  the  weight 
of  the  column  of  air  which  prcffes  downwards  udoii 
the  top  of  the  tube.  This  preffure  will  therefore 
be  felt  in  lifting  the  tube,  and  as  it  is  equal  to 
the  weight  of  30  inches  of  mercury,  lifting  this 
preffure  is,  as  to  fenfe,  juft  the  fame  as  lifting  the 
weight  of  mercury  in  the  tube. 

From  thefe  experiments  it  is  evident,  that  the 
furface  of  the  globe  on  which  we  live  fuftains  an 
ocean  of  air,  that  is  circumfufed  about  it  to  a con- 
fidcrable  height.  The  inhabitants  on  it’s  furface 
refemble  therefore  the  fifties  at  the  bottom  of  the 
ocean  ; like  them  we  are  furrounded  by  a fluid  that 
riles  fin*  above  our  heads, 

A fquare  column  of  quickfilver  29  £ inches 
high,  and  1 inch  in  diameter,  is  eftimated  to  weigh 
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1 5 pounds.  Such  then  at  a medium,  is  the  pref- 
fure  of  the  air  on  every  fquare  inch  of  the  earth’s, 
furface ; and  as  a fquare  foot  contains  144  fquare 
inches,  the  preffure  muft  be  144  times  as  much, 
or  2160  pounds  on  every  fquare  foot;  fo  that  a 
middle  fized  man,  whofe  furface  may  be  cftimated 
at  14  fquare  feet,  fuflains  a prelfure  of  30240 
pounds. 

The  following  is  a computation  of  the  weight 
of  all  the  air  which  preffes  upon  the  whole  furface 
of  the  earth.  If  this  weight  were  to  be  ex- 
prelfecl  by  the  number  of  pounds  it  contains,  that 
number  would  be  fo  large  as  to  be  in  a manner  ii"u 
comprehenfible.  We  fhall  therefore  make  ufe  of 
another  mode  of  exprefling  it,  by  determining  the 
diameter  of  a fphere  of  lead  of  the  fame  weight 
with  all  the  air  which  preffes  upon  the  whole  fur- 
face of  the  earth.  That  diameter  is  found  to  be 
nearly  60  miles  long.*  Great  as  this  prelfure  is, 
the  removal  thereof  would  prove  a caufe  of  im- 
mediate death.  We  even  as  it  were  enjoy  the 
load,  and  “ it  is  as  wings  to  our  feet,  and  finews 
to  our  limbs.”  Sounds  travel  through  it  with 
great  rapidity;  odours  and  emanations  of  all  kinds 
find  no  difficulty  in  moving  it  forward,  and  prefling 
it  afide. 

Though  our  bodies  fupport  a weight  of  nearly 
two  tons,  you  need  not  wonder  at  the  freedom  with 
which  you  traverfe  the  atmofphere,  fince  you  fee 
fifh  move  with  as  great  eafe  in  a much  more  denfe 
and  more  weighty  element.  You  are  not  fenfible 
©f  this  enormous  weight,  becaufe  you  have  been 
accuftomed  to  it,  and  fupported  it  from  your  ear- 
lied  infancy.  Senfations  to  which  we  have  been 
always  and  at  all  times  accuftomed,  are  feldom 
felt ; we  can  perceive  no  differences  where  we  can 
have  no  ftandard  to  judge  of  variation.  Divine 
Providence  has  alfo  counteracted  this  preffure 
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fo\  the  fpring  of  the  air  which  is  diffufed  .through 
.the  whole  body.  We  therefore  do  not  feel  the 
weight  of  the  incumbent  atrnofphere  ; fir  ft,  bccaufe 
it  is  oounteradled,  and  fecondly,  bccaufe  it  has  al- 
ways atfted  upon  us,  and  we  cannot  remove  from 
it’s  preflure. 

Of  tUe  Elasticity  or  Spring  of  the  Air. 

Air  is  elajiic  and  comprejjible.  ‘It  is  com- 
preflible,  for  the  parts  may  be  brought  clofe  to- 
gether, and  made  to  occupy  a fmaller  fpace  ; but 
when  that  force  is  removed,  it  expands  or  fprings 
out  again,  fo  as  to  occupy  the  fame  fpace  it  did 
before  it  was  comprefted.  This  property  difcri- 
minates  air  from  many  other  fluids;  thus  a -quan- 
tity of  water,  mercury,  &c.  of  any  given  magni- 
tude, can  never  be  reduced  in  -it’s  dimenftons  fo 
as  to  occupy  a fmaller  portion  of  fpace;  whereas 
air  will  by  compreflion  fuftcr  a very  great  dimi- 
nution of  it’s  bulk.  In  other  words  the  air  con- 
fifts  of,  or  at  leaft  abounds  with,  parts  of  fuch  a 
nature,  that  in  cafe  they  be  comprefted,  and  there- 
by reduced  into  Idler  dimenftons,  either  by  the 
weight  of  the  incumbent  atrnofphere,  or  by  any 
other  force,  they  -endeavour  as  much  as  in  them 
lies  to  free  themfelv.es  from  that  prefture,  and  re- 
gain their  former  dimenftons  by  hearing  againft 
the  contiguous  bodies  that  keep  them  in.  This 
propenflty  may  be  illuftrated  by  a comparifon. 
Here  is  a handful  of  wool  which  I prcfs  clofe  to- 
gether, and  reduce  into  a fmall  compafs  ; I open 
my  hand,  and  it  recovers  it’s  former  bulk  from  the 
natural  fpring  of  the  fibres.  The  air  is  always 
comprefted  by  it’s  own  weight,  and  the  cxpanfton 
of  the  contiguous  air:  consequently  the  air  in  a 
valley  is  more  comprefted  than  that  on  the  top  of 
a mountain.  It  may  therefore  be  compared  to 
many  fleeces  of  wool  laid  one  upon  the  other ; it 
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is  evident  that  as  the  lower  ftrata  fupport  the 
weight  of  the  fuperior  ones,  they  will  be  more 
loaded  than  the  upper  ones,  and  will  confequently 
be  flattened,  and  have  lefs  bulk  with  the  fame 
mafs,  and  therefore  be  more  denfe  or  compact. 
The  denfity  of  the  next  upwards  will  be  lefs,  be- 
caufe  it  will  fupport  lefs  weight,  and  fo  of  the 
remainder.  It  is  thus  alfo  with  air. 

To  fhew  you  that  the  air  is  elaftic,  I have  no 
occafion  for  any  inftrument,  as  it  will  be ' fuffi- 
ciently  proved  by  your  only  prefling  this  bladder 
between  your  hands.  You  find  that  the  force  you 
exert,  reduces  the  air  contained  in  the  bladder  into 
a lefs  fpace,  but  that  as  foon  as  you  ceafe  to  prefs, 
it  immediately  expands  and  fills  the  fame  fpace  as 
before.  You  may  even  perceive,  while  you  com- 
prefs  it,  a very  great  endeavour  to  free  itfelf-from 
the  violence  you  oiler  to  it. 

The  elaflicity  of  the  air,  the  fecond  great 
fource  of  the  effects  of  this  important  fluid,  was 
firft  afeertained  byfome  experiments  of  Lord  Ba- 
con, the  friend  and  father  of  modern  philofophy, 
w ho  upon  this  principle  c on  ftru  cited  his  firfl;  ther- 
mometer, which  he  called  his  i it t rum  calendare. 

In  confequence  of  this  elaftic  principle,  the 
air  always  endeavours  to  expand  itfelf,  and  oc- 
cupy more  fpace.  Here  is  a bladder  containing 
only  a fmall  quantity  of  air,  the  neck  is  tied  dole 
to  prevent  the  air  from  efcaping  ; fo  long  as  this 
bladder  is  expofed  to  the  common  preflure  ol  the 
atmofphcre,  it  will  remain  in  the  fame  ftate,  the 
external  and  internal  air  being  of  the  fame  den- 
fity ; but  when  I put  it  under  this  receiver,  and  be- 
gin to  rarify  the  external  air  by  working  the  pump, 
the  fide  of  the  bladder,  which  before  was  flabby 
and  lax,  ftretches  itfelf  out  and  becomes  tight;, 
being  railed  up  by  the  elaftic  power  of  the  air 
within  it.  (fig.  10,  pi.  i.f  When  I let  in  the  ex- 
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ternal  air,  the  bladder  returns  to  it’s  former 
fhape,  the  external  air  prcffing  down  the  bladder 
till  the  internal  air  is  reduced  to  a denfity  capa- 
ble of  counteracting  and  fupporting  the  whole 
.'weight  of  the  atmofphere. 

. Though  only  a fmall  quantity  of  air  was  con- 
tained in  the  bladder  defigned  for  the  preceding 
experiment,  yet  that  fmall  quantity  is  capable  of 
railing  a conliderable  weight.  I put  it  in  this  box, 
cover  it  with  thefe  leaden  weights,  place  it  on  the- 
plate  of  the  pump  with  a receiver  over  it.  (fig.  6, 
pi.  2.) ' ’In  proportion  as  I exhauft  the  air,  the 
bl^adder  fwelts,  railing  the  incumbent  weight  ; on 
the  readmiflion  of  the  air,  the  weights  fubfide  to 
their  former  lituation.  As  you  have  feen  fo  fmall 
a quantity  of  air  lift  fo  considerable  a weight,  you 
will  be  lefs  furprized  when  I inform  you,  that  by 
blowing  into  a bladder  very  large  weights  may  be 
raifed.  •Sturmius  connected  feveral  bladders  with, 
a pipe  in  fuch  a manner,  that  there  was  a free 
communication  from  the  pipe  to  all  the  bladders ; 
he  then  placed  a mill-ftonc  on  the  bladders,  and 
was  able  to  raife  it  fenfibly  by  blowing  ttrongiy 
with  the  mouth  into  the  pipe. 

Here  is  a thin  bottle  with  flat  Aides,  there  is 
•a  cork  in  the  neck,  and  the  cork  is  covered  over 
with  cement  to  prevent  the  air  within  the  glafs 
from  efcaping ; I fhall  place  it  under  a receiver, 
putting  this  cage  previoufly  over  it.  I work  the 
pump,  and  as  foon  as  the  air  is  fufhciently  ratified, 
the.  fpring  of  the  air  w ithin  will  dilate  w ith  fo 
much  force  as  to  break  the  bottle.  This  experi- 
ment has  given  rife  to  a problem,  in  which  the 
form  of  a phial  is  required  capable  of  fo  re- 
fitting the  force  of  the  included  air,  as  not  to 
break  when  the  external  preffure  was  taken  off. 
This  form  was  determined  to  be  afphere,  in  which 
with  the  fame  mafs,  you  have  the  greatett  bulk 
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•under  the  lead  furface ; confequently,  a bottle  of 
this  form  will  be  the  ftrongeft  that  can  be  made 
out  of  the  fame  mafs  or  quantity  of  materials. 

I place  this  fhri veiled  apple  unden  a receiver, 
and  exhauft  the  air  therefrom ; the  fkin  fwells  as 
ibon  as  I begin  to  work  the  pump,  the  wrinkles 
fill  up,  and  the  apple  now  appears  as  one  frelh 
gathered.  I Let  in  the  air,  and  it  returns  to  it’s 
withered  date- 

In  the  doubling  of  the  film  at  the  large  end 
of  an  egg,  there  is  inclofed  a fmall  quantity  of 
air;  this  air  being  dilated  by  the  warmth  of  the 
hen,  preffes  on  the  contents  of  the  eg g,  and  contri- 
butes to  the  formation  and  production  of  the 
chicken.  This  included  air  will  afford  us  a very 
pleating  experiment,  illuftrative  of  it’s  expanfive 
force.  Let  us  break  off'  about  one  third  part  of 
the  (hell  at  the  fmall  end  of  the  egg,  invert  it, 
throw  away  the  contents,  then  place  it  under  a re- 
ceiver, and  exhauft  the  air  therefrom.  You  fee 
that  the  air  which  is  between  the  ftiell  and  the 
fkin  dilates,  and  fwells  the  fkin  fo  much  beyond  the 
broken  part,  that  the  egg  appears  as  if  it  were 
whole.  You  may  vary  this  experiment  by  making  a 
little  hole  at  the  fmall  end  of  an  egg.  then  place 
it  in  phis  apparatus  with  the  fmall  end  downwards, 
and  put  the  whole  under  a receiver  with  a fmall 
jar  to  receive  the  contents  of  the  egg.  On  work- 
ing the  pump,  the  air  within  will  dilate,  fo  as  to 
force  the  white  and  yolk. out  through  the  hole  in 
the  egg.  If  the  jar  be  conical,  and  the  egg  be 
let  down  gradually,  the  white  and  yolk  will  be 
forced  up  again  on  the  readmiffion  of  air;  or  if 
thefe  be  thrown  away,  and  water  be  fubftituted  in 
their  place,  the  infide  of  the  egg  may  be  waftied, 
and  afterwards  in  the  fame  manner  filled  with 
cream  or  any  other  fluid. 
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The  next  experiment  will  {hew  you  how  na- 
turally the  air  will  force  itfelf  out  by  it’s  fpring, 
from  any  veil  el  in  which  it  is  contained,  when  the 
preffure  of  the  external  air  is  taken  away.  This 
phial  with  a long  neck  is  commonly  called  a holt- 
head.  I put  the  neck  into  a tumbler  of  water, 
and  both  under  a receiver  on  the  pump,  (fig.  1 8, 
pi.  1.)  By  diminifhing  the  mafs  of  air  within  the 
receiver,  I weaken  proportionably  the  fpring 
thereof,  and  confequentiy  it’s  preffure  upon  the 
air  within  the  bolt-head;  this  difeharged  of  a 
part  of  it’s  weight,  dilates  and  efcapes  from  the 
bottle  in  the  form  of  bubbles,  which  being  lighter 
than  water  afeend  through  it,  and  burft  upon  it’s 
furface  : this  will  laft  till  the  power  of  expanlion 
is  too  weak  to  overcome  the  incumbent  preffure. 
Let  us  now  fee  what  will  be  the  confequence  of 
readmitting  the  air  into  the  pump,  the  external 
air  being  more  denfe  than  that  in  the  bottle,  and 
yielding  to  this  excefs  of  preffure,  the  water  will 
entertne  orifice,  and  meeting  with  little  or  no  re- 
finance, will  mount  therein  till  the  remaining 
mafs  of  air  is  reduced  to  the  fame  denfity  with  the 
external  air.  The  little  bubble  at  the  top  of  the 
bolt-head,  is  what  remained  after  the  exhauftion, 
and  is  now  condenfed  into  a final  1 fpacc.  You  fee 
how  final  1 a quantity  of  air  remains  when  com- 
pared to  the  whole  at  firft  contained  in  the  globe, 
or  to  the  bulk  of  water  now  in  it,  which  is  equal 
to  the  quantity  of  air  extracted.  You  may  per- 
ceive by  this  experiment,  that  the  fpring  of  the 
air  is  equal  to  the  weight,  as  it  produces  an  equal 
eftedl: ; for  while  the  fpring  of  the  air  wras  lefs  than 
the  weight  of  the  external  air,  the  w7atcr  kept  rifing' 
in  the  globe;  but  when  the  fpring  became  equal 
to  the  external  preffure,  the  water  was  fubj^d  to 
both  their  influence,  and  finding  it  equal  on  either 
fide,  could  no  longer  move. 


Now 
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Now  let  us  again  exhauft  the  air  from  the  re- 
ceiver ; I have  no  fooner  moved  the  handle  than 
the  water  begins  to  defcend,  the  bubble  of  air  ex- 
pands, and  forces  the  water  gradually  out  of  the 
bottle. 

By  this  time  you  may  fee,  that  unlefs  the  air 
was  eliiJHc , it  could  not  be  exhaufled  out  of  a clofe 
veffel.  If  the  veflel  was  filled  with  water,  and 
there  was  no  orifice  but  w here  the  pump  was  fcrew- 
cd  on,  though  a vacuum  be  made  by  drawing  up 
the  pi  Ron,  yet  no  water  would  rife  out  of  the  veflel 
into  that  vacuum  ; for  the  water  is  raifed  into  a 
vacuum  by  the  preffure  of  the  atmofphere  upon 
the  other  parts  of  the  furface.  But  as  the  veffel  is 
clofe,  the  external  air  cannot  prefs  upon  it’s  furface, 
and  no  water  will  rife  into  the  vacuum,  and  none 
can  be  pumped  out  unlefs  it  firft  rifes  in  the  barrel. 
But  if  the  veffel  be  filled  with  an  elaflic  fluid,  it 
does  not  want  an  external  preffure  to  raife  it, 
but  will  expand  itfelf  by  it’s  own  elaflicity,  fo  that 
the  fame  air,  which  firft  filled  the  veflel,  will  after 
it  is  thus  expanded  fill  both  the  veflel  and  the 
fpace  in  the  barrel  too.  And  whatever  part  of  the 
air  rifes  into  the  barrel  of  the  pump  upon  the 
drawing  up  of  the  piflon,  will  be  carried  off  by  it’s 
.next  return. 

Fountains  may  be  made  to  play  on  various 
plans.  I have  already  fhewn  you  one  by  the  pref- 
fure of  the  air;  our  next  experiment  will  be  on  one 
fet  in  adtion  by  the  fpring  of  the  air.  This  bottle 
is  about  2 thirds  filled  with  water,  the  upper  part 
is  occupied  by  the  air,  the  top  of  the  glafs  tube  is 
furnifhed  with  a fcrew  and  jet,  the  glafs  tube  paffes 
through  the  neck  of  the  bottle,  and  reaches  nearly 
the  bottom,  and  is  fixed  there  by  the  fcrew  on  the 
Upper  part.,  which  fere  vs  into  the  top  of  the  bottle 
fo  as  to  render  it  .air-tight,  (jig.  8,  pi.  2.)  Place 
this  on  the  pump  under  a receiver,  and  after  a f e \v 
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ftrokcs  which  have  Iclfened  the  external  preffure,  you 
will  give  the  air  within  an  opportunity  to  ex- 
pand, and  thereby  to  force  the  water  out  through 
the  glafs  tube  ; which  it  does  with  lb  much  force, 
as  to  form  a very  pleafmg  jet  d’eau. 

Here  is  a fmall  Bacchus  (fig.  2,  pi.  2 J featcci 
on  a calk  with  a tube  proceeding  from  his  mouth 
to  the  barrel ; this  is  filled  with  coloured  water  in 
the  fame  manner  as  the  fmall  fountain,  fo  that  on 
being  put  under  a receiver  when  the  air  is  exhaus- 
ted, the  liquor  is  thrown  up  into  his  mouth,  and 
the  rofy  god  feems  to  be  at  his  ufual  employment ; 
while  he  is  drinking  his  belly  expands,  which  is 
effected  by  a bladder,  containing  a fmall  quantity 
of  air  concealed  under  his  Ihirt. 

The  elafticity  or  fpring  of  the  air  produces 
the  fame  effects  that  the  preffure  produces,  becaufe 
the  fpring  is  equal  to  the  com prcfjing force , which  in 
ordinary  cafes  is  equivalent  to  the  preffure  of  the 
air.  This  barometer  tube  is  open  at  both  ends,  I 
fhall  ferew  the  brafs  collar  of  the  tube  into  the 
neck  of  this  bottle ; you  fee  that  the  lower  end 
of  the  tube  is  beneath  the  furface  of  the  quickfil- 
ver  in  the  bottle,  and  that  the  air  above  the  quick- 
filver  cannot  poffibly  efcape,  for  it  cannot  get 
through  the  quicklilver  into  the  tube,  nor  pafc 
through  the  joinings  at  the  top  of  the  phial  which 
are  made  air-tight.  I place  this  apparatus  on  the 
pump,  putting  a receiver  over  it ; at  prefent  the 
mercury  is  in  a (fate  of  tranquillity,  as  nothing 
acts  upon  it  to  occalion  an  alteration  in  it’s  fitua- 
tion.  I exhault  the  air  from  the  receiver  arid 
tube,  and  you  fee  that  the  fpring  of  the  air  con- 
tained in  the  bottle  preffes  upon  the  mercury,  and 
will  force  it  up  nearly  as  high  as  it  was  railed  by 
the  preffure  of  the  air  in  the  former  experiment; 
for  as  foon  as  the  counter- weight  was  taken  off  hr 
exhauftion,  the  fpring  exerted  it’s  power. 


Before 


4 6 Lectures  on  Natural  Philosophy, 


Before  you  is  a jar  filled  with  water,  in*  which 
are  a few  hollow  glafs  images  with  a glafs  ball 
over  their  heads  ; this  ball  contains  at  prefent  juft 
fo  much  water  as  to  render  the  images  fpecificaliy 
heavier  than  water.  I {hall  place  them  on  the 
pump,  under  a receiver,  (jig.  13,  pi.  2,)  and  ex- 
hauft  the  air,  and  you  fee  that  in  proportion  as 
this  is  rarified  the  images  rife,  the  air  included  in 
the  ball  dilates,  and  forces  out  a part  of  the  water, 
and  the  figure  and  it’s  balloon,  now  becoming 
lighter  than  the  water,  afcends  ; on  letting  in  the 
air,  the  whole  becomes  fpecificaliy  heavier  again, 
and  defcends  to  the  bottom. 

In  the  foregoing  experiment  it  was  evident, 
that  the  fpecilic  weight  of  the  bodies  was  diminifh- 
ed  by  the  expanfion  of  the  air : as  this  fadt  explains 
fome  common  phenomena,  and  is  applicable  to  a 
variety  of  circumftances,  I ftiall  endeavour  to 
render  it  more  familiar  to  your  minds  by  one  or 
tw;o  experiments.  This  bladder,  containing  only  a 
fmall  quantity  of  air,  has  a piece  of  lead  affixed  to 
it  of  fufficient  weight  to  fink  the  whole  in  the 
water.  I put  it  in  this  jar  of  wrater,  and  place 
them  on  the  pump,  under  a receiver  ; I exhauft 
the  air,  the  bladder  expands,  becomes  a balloon 
lighter  than  the  fluid  in  which  it  floats,  and 
afcends  carrying  the  weight  with  it.  This  expe- 
riment will  naturally  call  to  your  minds  the  air- 
balloons,  which  you  have  feen  or  heard  of:  you  faw 
one  in  the  prefent  inftance  afcend  in  water,  as  foon 
as  it’s  bulk  was  rendered  lighter  than  the  fame 
bulk  of  water;  in  the  other  cafe,  the  air-balloons 
are  rendered  lighter  than  the  air  in  which  they 
float,  and  confequcntly  afcend  till  an  equilibrium 
takes  place.  But  thefe  will  make  the  fubjebt  of  a 
future  lecture. 

I have  affixed  juft  fuch  a weight  of  lead  to  this 
piece  of  cork,  as  will  make  it  fink  in  water,  I put 
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tt  into  the  jar  of  water,  and  place  the  whole  under  a 
receiver  on  the  pump,  and  exhauft  the  air  there- 
from ; you  fee  the  air  difengaging  itfelf  from  the 
cork,  riling  up  in  the  form  of  little  bubbles  which 
burft  on  the  furface  of  the  water;  but  a part  ofthe 
air  cannot  efcape,  the  cork  therefore  increafes  in 
bulk,  becomes  lpecifically  lighter  than  the  water, 
and  afeends  therein ; on  readmitting  the  air,  it 
fhrinks  to  it’s  former  bulk,  and  defeends  to  the 
bottom  of  the  jar. 

Timber  dug  out  of  bogs  and  other  moift  pla- 
ces, will  feldom  float  in  water,  the  particles  of 
water  having  through  time  and  other  caufes  dif- 
lodged  the  air  from  the  vacuities  of  the  wood ; 
hence  alfo  it  appears,  that  even  wood  is  no  other- 
wife  comparatively  lighter  than  water,  than  from 
the  quantity  of  pores  therein  filled  with  air.  On 
the  fame  principle  we  account  for  the  following 
appearances.  If  a man  or  any  animal  falls  into  the 
water,  and  is  drowned,  the  carcafe  in  a few  days 
rifes  and  boats  on  the  furface.  The  privation  of 
life,  the  ftagnation  of  the  fluids,  &c.  is  foon  fol- 
lowed by  a putrid  fermentation,  deftroying  and 
decompofing  the  body.  This  fermentation  difen- 
gages  a great  quantity  of  air,  that  is  diffeminated 
among  the  fluid  molecules,  and  as  this  air  cannot 
efcape,  the  body  fwells  till  it  becomes  lpecifically 
lighter  than  the  water,  and  rifes  to  it’s  furface,  and 
fwims  thereon.  The  putrefaction  going  on,  the 
parts  give  way,  the  airefcapes,  and  the  body  links. 
It  often  however  happens,  that  in  the  progrefs  of 
diffolution,  frefh  air  is  generated,  and  the  body  ri- 
fes and  finks  alternately  according  to  thefe  changes. 

The  prejjure  of  the  air  is  the  firfl  great  fource 
of  it’s  effects  ; it’s  elafticity  is  the  fecond  ; by  this., 
when  it  has  inflnuated  itfelf  into  the  pores  of  bo- 
dies* it  keeps  their  particles  in  continual  ofc  illa- 
tion; for  the  degree  of  heat,  the  gravity  and  denfity 
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of  the  air,  and  confequently  it’s  expanfion  and  elaf- 
ticity,  never  remaining  the  fame  for  the  lead  mo- 
ment of  time,  there  muft  be  an  inceflant  con- 
traction and  dilatation  in  all  bodies. 

This  reciprocation  may  be  obferved  in  feveral 
inftances,  particularly  in  plants;  for  the  contained 
air  alternately  expanding  and  contracting  according 
to  the  increafe-  or  diminution  of  heat,  alternately 
prelfes  the  veflels,  and  eales  them  again,  thus  keep- 
ing up  a perpetual  motion  in  their  juices. 

From  the  fame  caufe  the  air  contained  in  the 
bubbles  of  ice,  by  it’s  continual  action  burfts  the 
ice;  and  for  the  fame  reafonit  acts  as  a principal 
caufe  in  the  phenomena  of  fermentation  and  putre- 
faction. 

In  a clear  fun-fhiny  day,  you  may  often  per- 
ceive all  the  objects  of  nature  as  if  trembling  be- 
fore your  eyes ; this  is  ufually  afcribed  to  the  riling 
of  vapours;  but  a little  obfervation  will  foon  prove 
to  you,  that  it  isowing  to  the  alternate  expanlion 
and  contraction  of  the  air. 

Air  feems  to  acton  the  fmooth  furface  of  the 
leaves,  or  the  bark  of  the  tern  of  plants.  If  there 
be  not  a continual  fupply  of  frefh  air,  the 
tern  runs  out  to  a great  length,  is  exceedingly 
fmall  and  weak,  the  leaves  endeavour  to  fpread  out 
to  a great  diflance,  no  impregnation  takes  place  in 
the  towers,  the  proper  juices  are  not  formed,  and 
the  whole  plant  is  dellroyed. 

Many  conjectures  have  been  offered,  and  hy- 
pothefes  framed,  to  account  for  the  clafticity  of  the 
air.  Some  have  compared  the  air  to  watch-fprings  or 
hoops,  which  coiled  up  by  prelfure  reftore  them- 
felves  again  as  foon  as  the  prelfure  is  removed  : 
others  have  refembled  them  to  flocks  of  wool : no- 
tions that  are  inadequate  to  the  folution  of  the  phe- 
nomenon, and  probably  without  foundation.  1 helc 
luppolitions  fcem  to  fhew  an  inattention  to  the  fub- 
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jed  of  inquiry,  as  the  property  of  elafficity  fcems 
• rather  to  lie  in  the  peculiarity  of  the  matter,  than 
in  the  form.  A piece  of  lead  rolled  up  like  a 
watch-fpring,  will  acquire  thereby  no  elaftic 
power.  It  is  probable,  that  this  property  is  ow- 
ing to  fomething  elfe  befides  the  form  or  the,  fhape 
of  the  particles.  Others  have  attributed  the  elaf- 
ticity of  the  air  to  a repulfive  power  in  the  parti- 
cles. This  folution  does  not  feem  in  the  leaf!  to 
remove  the  difficulty  ; it  is  faying  no  more,  though 
in  other  words,  than  that  the  particles  feparate  ; 
the  feparation  or  repulfion  is  the  fad,  the  caufe 
is  to  be  explored  for  the  fad ; that  is,  the  expan- 
five  or  feparating  force  is  allowed  by  all. 

You  were  alfonilhed  at  the  amazing  elafficity 
fire  gives  to  water,  when  you  faw  the  fleam  engine 
ereded  by  Melds.  Watts  and  Bolton,  at  Mn 
Whitbread’s  brewery;  the  fleam  of  boiling 
water  is  as  elaflic  as  air.  The  force  of  this  fleam 
may  be  increafed  to  almofl  any  degree  in  Papin’s 
digefter,  the  power  is  incredible,  and  without  pro- 
per care  would  burfl  the  ffrongefl  vcffel ; it  is 
evidently  fire  that  renders  ffearh  elaflic.  There  is 
no  improbability,  therefore,  in  fuppofing  that  it 
occafions  alfo  the  elafficity  of  air.  Perhaps  we 
fhall  not  be  far  diflant  from  the  truth,  if  we  fay 
with  Boerhaave , that  the  adive  force  in  the  air, 
which  produces  fo  many  effeds,  does  all  arife from 
the  fire  contained  in  it. 

Not  to  trull  to  conjedure,  let  us  have  re- 
con  rfc  to  experiment.  I take  this  bladder  half  fi- 
led with  air  and  tied  clofely  about  the  neck  ; I hold 
it  near  the  fire,  and  it  immediately  fwclls ; the 
nearer  I approach,  and  the  longer  I hold  it  there, 
tne  more  the  bladder  expands;  the  elafficity  of 
the  included  air  increasing  as  the  adion  of  the 
fire  increafes.  xVs  a great  degree  of  fire  gives  more 
elafficity,  and  a fmall  degree  Ids  .elafficity  to 
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the  fame  quantity  of  air,  this  element  feems  to 
have  the  direction  of  this  quality,  and  to  be  the  . 
phyfical  caufe  of  it  at  all  feafons.  That  fire  is 
the  power  by  which  the  air  is  kept  in  continual 
motion,  is  alfo  evident  from  the  thermometer  of 
Drebellius. 

One  objection  however  has  been  made  to  this 
theory,  which  fhould  be  obviated  ; the  bladder  will 
diftend  when  a part  of  the  furrounding  air  is  with- 
drawn, in  the  fame  manner  as  if  it  were  held  be- 
fore the  fire.  If  fire  be  the  immediate  caufe  of 
the  repulfion,  it  has  been  afked.  Why  does  the 
repul fion  increafe,  when  the  heat  remains  the 
fame  ? The  anfvver  is  plain  and  eafy ; there  is  the 
fame  heat  in  the  receiver  as  in  the  circumambient 
air  ; this  heat  is  fufficient  for  the  purpofe,  and 
muff  neceffarily  produce  the  effect  when  the  pref- 
fure  of  the  air  is  taken  off. 

As  long  as  the  receiver  is  full  of  air  in  the 
fame  fiate  with  that  in  the  bladder,  there  are  two 
equal  forces  counteracting  one  another;  there  is 
the  air  in  the  bladder  rendered  elaftic  by  the  hand- 
ing degree  of  heat  at  that  time  in  the  atmofphere, 
and  there  is  air  equally  elaffic  preffing  with  equal 
force  on  the  outer  furface  of  the  bladder;  fo  that 
while  things  remain  in  this  hate,  all  will  be  at 
rdf.  But  the  effect  will  be  the  fame,  whether 
you  add  more  heat  to  the  infide,  or  take  away  an 
equivalent  degree  of  r efi  fiance  from  the  outride  ; a 
.rari faction  muff  follow  upon  either  of  thefc 
changes,  for  to  fyb  tract  the  refiffance  from  the 
outfide  of  the  bladder,  is  the  fame  as  to  add  a 
greater  force  of  expanding  fire  within  fide.  Many 
experiments  in  the  courfe  of  this  work  will  be  found 
to  If  rengthen  this  opinion ; and  it  does  not  ap- 
pear that  there  is  a fingle  experiment  to  prove 
any  elafficity  in  the  air  independent  of  fire. 
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The  elafiic  power  of  the  air  is  always  equiva- 
lent to  the  force  which  comprejfes  it , for  if  it  were 
lefs,  it  is  clear  it  would  yield  and  be  more  com- 
prelfed ; were  it  greater,  it  would  not  be  fo  much 
reduced;  for  action  and  re-ad:ion are  always  equal. 
So  that  the  elafiic  force  of  any  fmall  portion  of 
the  air  we  breathe,  is  equivalent  to  the  weight  of 
the  incumbent  part  of  the  atmofphere  ; that  weight 
being  the  force  which  confines  it  to  the  dimenfions 
it  poffelfes.  Hence  the  air  is  always  a counter- 
balance to  itfelf,  and  naturally  in  equilibrio  like 
other  fluids.  Air  comprefled  by  twice  the  weight 
of  the  atmofphere,  is  reduced  to  half  the  fpace  it 
before  occupied,  by  four  times  that  weight  to  one 
quarter  of  the  fpace,  and  fo  on  in  a geometrical 
progreffion,  fuppofing  the  heat  to  be  always  the 
fame. 

To  illuftrate  thefe  laws  relating  to  the  air’s 
elafticity,  we  fliall  take  this  bent  tube,  whofe 
fmaller  leg  is  hermetically  fealed ; (fig.  i,  pi.  4 
holding  it  with  the  curvature  downwards,  I pour 
a fmall  quantity  of  quickfilver  into  the  tube,  fo  as 
juft  to  fill  the  horizontal  part,  in  order  to  confine 
the  air  contained  in  the  fmaller  leg.  Now  it  muff 
be  evident  to  you,  that  in  this  cafe,  the  air  in  the 
fmaller  leg  cannot  be  prefled  by  any  other  weight 
than  the  common  preflure  of  the  atmofphere.  I 
fliall  nowT  pour  more  quickfilver  into  the  longer 
leg,  which  will  comprefs  the  air  in  the  fhorterone, 
and  confine  it  to  a fmaller  fpace.  By  pouring  ad- 
ditional quickfilver  into  the  longer  leg,  you  will 
find  that  the  fpace  into  which  the  fhorter  one  is 
reduced,  is  to  the  fpace  it  occupied  with  the  at- 
mofpheric  preflure,  as  the  atmofpheric  preflure 
to  the  fame  preflure  with  the  weight  of  the 
additional  quickfilver.  In  other  words,  by 
increafing  the  quantity  of  quickfilver  the  con- 
denfation  is  increafed,  and  it  is  fQund  that  the 

T 2 fpace 


52  Lectures  on  Natural  Philosophy 

f face  into  which  the  air  is  condenjed  by  different 
weights  is  inverfely  as  thofe  weights  ; or  it’s  den- 
fity  is  as  t.  lie  prdTure  it  bears.  When  we  fay  that  it  is 
inverfely  as  the  compreffing  force,  we  mean, 
that  the  fpaceis  diminifhedin  the  fame  proportion 
in  which  the  force  is  increafed  ; and  thus  a double 
force  reduces  the  air  into  half  the  fpace,  a triple 
force  reduces  it  into  a third  part  of  the  fpace  it 
pofTeffed  before;  fo  half  the  force  permits  the  air 
to  expand  itfelf  into  double  the  fpace,  and  a third 
part  of  the  force  permits  it  to  expand  into  a fpace 
triple  of  what  it  pofTeffed  before. 

After  what  has  been  faid,  it  feems  almoft 
necdlefs  to  obferve  to  you,  that  the  more  the  air 
is  compreffed,  the  denfer  and  heavier  it  becomes : 
it  being  evident  that  a given  quantity  of  air  con- 
fined in  half  the  fpace  it  naturally  occupies,  muff 
become  twice  as  denfe,  twice  as  heavy  as  it  was 
before,  and  muff  offer  a greater  refinance  to  the 
motion  of  the  bodies. 

Of  the  Height  of  the  Atmosphere. 

Having  proved  to  you,  that  thefpring  or  elaffic 
pow  er  of  the  air  is  as  the  force  which  comprefies  it, 
and  that  the  denlity  is  as  the  faid  force,  the  fpace  it 
poffefTes  being  always  reciprocal  to  that  force  ; we  are 
lufnifhedwith  fomedata  to  make  inquiry  concerning 
the  limits  of  the  atmofphere,  and  it’s  flate  as  to 
rarity  at  different  elevations  from  the  earth’s  fur- 
face  ; fubjedfs  that  have  engaged  the  attention  of 
mathematicians  ever  lince  the  difeovery  of  atmo- 
fpheric  preffure  ; they  love  topurfue  a fubjebt  when 
calculation  is  all  that  is  neceffary ; calculations 
may  fometimes  give  information,  they  feldom  con- 
fer wifdom. 

Thefe  attempts  commenced  foon  after  it  was 
difeovered,  by  means  of  the  torricellian  tube, 
that  air  is  a gravitating  fubftance.  Thus  it  alfo 
became  known  that  a column  of  air,  whofe  bafe 
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Is  a fquare  inch,  and  the  height  that  of  the  whole 
atmofphere,  w eighs  1 5 pounds  ; and  that  the  wreight 
of  air  is  to  that  of  mercury,  as  1 to  10,800:  whence 
it  follows,  that  if  the  weight  of  the  atmofphere  be 
fufficient  to  raife  a column  of  mercury  to  the 
height  of  30  inches,  the  height  of  the  aerial  co- 
lumn muff  be  10,800  times  as  much,  and  confe- 
quently  a little  more  than  five  miles  high. 

It  was  not,  however,  at  any  time  fuppofed, 
that  this  calculation  could  be  juft;  for  as  the  air 
is  an  elaftic  fluid,  the  upper  parts  muft  expand  to 
an  immenfe  bulk,  and  thus  render  the  calculation 
above  related  exceedingly  erroneous.  By  experi- 
ments made  in  different  countries,  it  has  been 
found,  that  the  fpaces  w hich  any  portion  of  air 
takes  up,  are  reciprocally  proportional  to  the 
'weight  with  which  it  is  comprelfed.  Allowances 
were  therefore  to  be  made  in  calculating  the  height 
of  the  atmofphere.  If  we  fuppofe  the  height  of 
the  whole  divided  into  innumerable  equal  parts, 
the  denfity  of  each  of  which  is  as  it’s  quantity; 
and  the  weight  of  the  w^hole  incumbent  atmofphere 
being  alfo  as  it’s  quantity ; it  is  evident,  that  the 
weight  of  the  incumbent  air  is  every  where  as  the 
quantity  contained  in  the  fubjacent  part;  which 
makes  a difference  between  the  weights  of  each  twro 
contiguous  parts  of  air.  By  a theorem  in  geometry, 
where  the  differences  of  magnitudes  are  geometri- 
cally proportional  to  the  magnitudes  themfelves,  it 
appears  that  thefc  magnitudes  are  in  continual 
arithmetical  proportion ; therefore,  if,  according 
to  the  fuppofition,  the  altitudes  of  the  air,  by  the 
addition  of  new  parts  into  which  it  is  divided,  do 
continually  increafe  in  arithmetical  proportion,  it’s 
denfity  will  be  diminifhed,  or  (which  is  the  fame 
thing)  it’s  gravity  decrcafed  in  continual  geo- 
metrical proportion. 
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It  is  now  eafy,  from  fuch  a feries,  by  making 
two  or  three  barometrical  obfervatipns,  and  deter- 
mining the  denfity  of  the  atmofphere  at  two  or 
three  different  ftations,  to  determine  it’s  abfolute 
height,  or  it’s  rarity  at  any  affignable  height. 
Calculations  accordingly  were  made  upon  this 
plan ; but  it  having  been  found  that  the  barome- 
trical obfervations  by  no  means  correfponded  with 
the  denfity  which,  by  other  experiments,  the  air 
ought  to  have  had,  it  was  fufpedted  that  the  upper 
parts  of  the  atmofpherical  regions  were  not  fub- 
jedlto  the  fame  laws  with  the  lower  ones.  Phi- 
lofophers  therefore  had  recourfeto  another  method 
for  determining  the  altitude  of  the  atmofphere, 
viz.  by  a calculation  of  the  height  from  which 
the  light  of  the  fun  is  refradtcd,  fo  as  to  become 
vifible  to  us  before  he  himfelf  is  feen  in  the  hea- 
vens. By  this  method  it  was  determined,  that  at 
the  height  of  45  miles  the  atmofphere  had  no 
power  of  refraction ; and  confequently  beyond  that 
diflance  was  either  a mere  vacuum,  or  the  next 
thing  to  it,  and  not  to  be  regarded. 

This  theory  foon  became  very  generally  re- 
ceived, and  the  height  of  the  atmofphere  was 
fpoken  of  as  familiarly  as  the  height  of  a mountain, 
and  reckoned  to  be  as  well  afeertained,  if  not 
more  fo,  than  the  heights  of  moft  mountains  arc. 
Very  great  objections,  however,  which  have  never 
yet  been  removed,  arife  from  the  appearances  of 
fome  meteors,  like  large  globes  of  fire,  not  un- 
frequently  to  be  feen  at  vaft  heights  above  the 
earth.  Avery  remarkable  one  of  this  kind  was  ob- 
fervedby  Dr.  Halley  in  the  month  of  March  1719, 
whofe  altitude  he  computed  to  have  been  between 
69  and  737  Englifh  miles ; it’s  diameter  2800 
yards,  or  upwards  of  a mile  and  a half;  and  it’s 
velocity  about  350  miles  in  a minute.  Others  ap- 
parently of  the  fame  kind,  but  whofe  altitude  and 
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velocity  were  ftill  greater,  have  been  obferved  : 
particularly  that  very  remarkable  one,  Auguft  i 8th 
1783,  whofe  diftance  from  the  earth  could  not  be 
Icfs  than  90  miles,  and  it’s  diameter  not  lefs  than 
the  former;  at  the  fame  time,  that  it’s  velocity 
was  certainly  not  lefs  than  1000  miles  in  a minute 
Fire-balls,  in  appearance timilar  tothefe,  tho’vaftl. 
inferior  in  lize,  have  been  fometimes  obferved  at 
the  furface  of  the  earth.  Of  this  kind,  one  was 
feen  on  board  the  Montague,  4th  November  1 749, 
which  appeared  as  big  as  a large  mill-hone;  it 
broke  with  a violent  explofton. 

From  analogical  reafoning,  it  feems  very  pro- 
bable that  the  meteors  which  appear  at  fuch  great 
heights  in  the  air,  are  not  effentially  different  from 
thofe  which,  like  the  fire-ball  juft  mentioned,  are 
met  with  on  the  furface  of  the  earth.  The  per- 
plexing circumftances  with  regard  to  the  former 
are,  that  at  the  great  heights  above-mentioned, 
the  atmofphere  ought  not  to  have  any  denfity  Suffi- 
cient to  fupport  flame , or  to  propagate  found ; yet 
thefe  meteors  are  commonly  fucceeded  by  one  or 
more  exploftons,  nay  are  fometimes  faid  to  be  ac- 
companied with  a hilling  noife  as  they  pafs  over 
our  heads.  The  meteor  of  1719  was  not  only  very 
bright,  infomuch  that  for  a ftiort  fpace  it  turned 
night  into  day,  but  was  attended  with  an  explo- 
fion,  heard  over  all  the  ifland  of  Britain,  occafion- 
ing  a violent  concuffton  in  the  atmofphere,  and 
feeming  to  fhake  the  earth  itfelf.  That  of  1783 
alfo,  though  much  higher  than  the  former,  was 
fucceeded  by  exploftons ; and,  according  to  the 
teftimony  of  feveral  people,  a hilling  noife  was 
heard  as  it  palled.  Dr.  Halley  acknowledged,  that 
he  was  unable  to  reconcile  thefe  circumftances 
with  the  received  theory  of  the  height  of  the  at- 
mofphere ; as,  in  the  regions  in  which  this  meteor 
moved,  the  air  ought  to  have  been  300,000  times 
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more  rare  than  what  we  breathe,  and  the  next 
thing  to  a perfect  vacuum. 

In  the  meteor  of  1783,  the  difficulty  is  {fill 
greater,  as  it  appears  to  have  been  20  miles  farther 
up  in  the  air.  Dr.  Halley  offers  a conjedture,  in- 
deed, that  the  vaft  magnitude  of  fuch  bodies 
might  compenfate'  for  the  thinnefs  of  the  medium 
in  which  they  moved;  whether  or  not  this  was 
the  cafe,  cannot  indeed  be  afeertained,  as  we  have 
fo  few  data  to  goupen ; but  the  greateft  difficulty 
is  to  account  for  the  brightnefs  of  the  light.  Ap- 
pearances of  this  kind  are  indeed  with  great  pro- 
bability attributed  to  electricity,  but  the  difficulty 
is  not  thus  removed  ; though  the  eledtrical  lire 
pervades  with  great  eafe  the  vacuum  of  a common 
air-pump,  yet  it  does  not  in  that  cafe  appear  in 
bright  well  defined  fparks  as  in  the  open  air,  but 
rather  in  long  ftreams  refcmbling  the  aurora  bo- 
realis. From  fome  late  experiments  indeed,  Mr. 
Morgan  concludes  that  the  electrical  fluid  cannot 
penetrate  a perfedt  vacuum.  If  this  be  the  cafe, 
it  fhews  that  the  regions  we  fpeak  of  are  not  fuch 
a perfedt  vacuum  as  can  be  artificially  made;  but 
■whether  they  are  or  not,  the  extreme  brightnefs  of 
the  light  thews  that  a fluid  was  prefent  in  thofe 
regions,  capable  of  confining  and  condenling  the 
electric  matter  as  much  as  the  air  does  at  the  fur- 
face  of  the  ground ; for  the  brightnefs  of  thele 
meteors,  confidering  their  diflance,  cannot  be 
fuppofed  inferior  to  that  of  the  brighteft  flathes  of 


lightning. 

It  appears  therefore,  that  the  abfolutc  height 
of  the  atmofphere  is  not  yet  determined.  T he  be- 
ginning and  ending  of  twilight  indeed  Ihew,  that 
the  height  at  which  the  atmofphere  begins  to 
refradfc  the  fun’s  light,  is  about  44  or  45  Englilh 
miles.  But  this  may,  not  improbably,  be  only  the 
height  to  which  the  aqueous  vapours  are  carried ; 
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for  it  cannot  be  thought  any  unreafonable  fuppo- 
fition,  that  light  is  refracted  only  by  means  of  the 
aqueous  vapour  contained  in  the  atmofphere : and 
where  this  ceafes,  it  is  Hill  capable  of  fupporting 
the  electric  fire  at  leaft  as  bright  and  ftrong  as 
at  the  furface.  That  it  does  extend  much  higher, 
is  evident  from  the  meteors  already  mentioned  : 
for  all  thefe  are  undoubtedly  carried  along  with 
the  atmofphere;  otherwife  that  of  1783,  which 
was  feen  for  about  a minute,  muft  have  been  left 
1000  miles  to  the  weftward,  by  the  earth  flying 
out  below  it  in  it’s  annual  courfe  round  the  fun. 

I cannot  leave  this  fubjed  without  laying  be- 
fore you  the  following  thoughts  of  Dr.  Horjley , 
Bijhop  of  St.  David's.  That  they  are  his,  is  fuffi- 
cient  to  entitle  them  to  attention,  and  you  will 
find  yourfelves  highly  rewarded  by  the  mafeuline 
and  energetic  ftile,  whichfo  peculiarly  characterize 
our  worthy  bifhop.  ff  I know  not,”  fays  he, "for  what 
reafon  mathematicians  have  been  afraid  to  ad- 
mit the  infinitude  of  the  atmofphere  of  the  earth  ; 
whether  they  thought  it  would  bear  hard  upon  the 
Newtonian  dodrine  of  a void,  or  that  it  implied 
the  infinitude  of  matter.  But  neither  the  one  nor 
the  other  of  thefe  confequences  is  to  be  appre- 
hended ; for  neither  the  phenomena  of  nature,  nor 
the  principles  of  the  Newtonian  philofophy,  re- 
quire that  there  fhould  be  any  where  a great  chafm 
in  the  univerfe,  or  that  the  whole  material  world 
fhould  be  adually  circumfcribed  by  any  finite 
fpace.  A large  portion  of  pore  or  interfperfed 
vacuity  is  fiifficient  for  all  purpofes.  Nor  docs  an 
abfolutc  infinity  of  matter  follow'  from  the  hypo- 
thefis  of  an  infinite  number  of  finite  malfes,  and 
an  infinite  number  of  finite  malfes  is  all  that  is 
implied  in  the  notion  of  a rare  elaftic  fluid,  diflufed 
through  infinite  fpace.  There  are  indeed  no  data 
from  which  any  great  altitudes  of  the  atmofphere 
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can  be  indubitably  concluded  in  the  way  of  ex- 
periment ; but  1 do  contend,  that  there  are  no 
data,  from  which  the  fuppofition  of  it’s  infinite 
height  can,  in  the  fame  way,  be  difproved  ; and 
this  may  juflly  be  held  more  probable  than  the 
contrary,  as  being  the  confequence  of  a theory, 
which  has  never  yet  in  any  inftance  proved  falla- 
cious.” 

“ If  the  atmofphere  of  the  earth  reaches  to  in- 
finite heights  with  a finite  denfity;  thofe  of  Ju- 
piter, and  every  other  planet,  will  reach  alfo  to 
infinite  heights  above  the  furface  of  the  planet 
with  a finite  denfity.  The  atmofphere  of  every 
planet  will  therefore  reach  to  the  furface  of  every 
other  planet,  and  to  the  furface  of  the  fun,  and 
the  atmofphere  of  the  fun  to  the  furfaces  of  them 
all.  All  thefe  atmofpheres  will  mingle,  and  form 
a common  atmofphere  of  the  whole  fyflem.  This 
common  atmofphere  of  the  fyflem  will  be  in- 
finitely diffufed,  fince  the  particular  atmofpheres 
that  compofe  it  are  fo.  It  will  reach  therefore  to 
every  fixed  flar ; and  for  the  fame  reafon  that  of 
every  fixed  liar  will  reach  the  central  body  of  our 
fyflem,  and  of  every  other  fyflem  ; the  atmofphere 
of  all  the  fyftems  will  mix  ; the  univerfe  will 
have  one  common  atmofphere,  a fubtle  elaflic 
fluid  which  pervades  infinite  fpace  j and  being 
condenfed  near  the  furface  of  every  larger  mafs  of 
matter,  by  the  gravitation  towards  that  mafs,  forms 
it’s  peculiar  atmofphere.” 

On  Hypotheses. 

In  the  hiflorical  part  of  the  preceding  ledlure, 
there  are  fome  faCts,  which  if  properly  attended 
to,  will  be  of  great  ufe  to  you.  You  have  feen 
how  long  bare  conjecture  was  buffered  to  hand  in 
the  place  of  knowledge,  and  with  what  tena- 
cioufnefs  it  wras  adhered  to.  Conjecture  may  lead 

you 
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you  to  form  opinions,  but  it  cannot  produce 
knowledge.  Natural  philofophy  muft  be  built 
upon  the  phenomena  of  nature  difeovered  by  ob- 
fervation  and  experiment. 

Conjectures  in  philofophy  arc  termed  hypo- 
thefes  or  theories  ; and  the  invention  of  an  hypo- 
thecs founded  on  fome  flight  probability,  which 
accounts  for  many  appearances  in  nature,  has  too 
often  been  confidered  as  the  higheft  attainment  of 
a philofopher.  If  the  hopothelis  hangs  well  to- 
gether, is  embellifhed  with  a lively  imagination, 
and  lerves  to  account  for  common  appearances ; 
it  is  confidered  by  many,  as  having  all  the  quali- 
ties that  fhould  recommend  it  to  our  belief,  and 
all  that  ought  to  be  required  in  a philofophical 
fyftem. 

Men  of  genius  are  fo  prone  to  invent  hypo- 
thefes,  and  others  to  acquiefce  in  them  as  the  ut- 
moft  the  human  faculties  can  attain  unto  in  philo- 
fophy, that  it  is  of  the  greateft  confequence  to  the 
progrefs  of  real  knowledge,  that  you  fhould  have 
a clear  and  diftinCt  underfranding  of  the  nature  of 
hypothefes  in  philofophy,  and  of  the  regard  that 
is  due  to  them. 

Although  fome  conjectures  may  have  a con- 
fiderable  degree  of  probability,  it  is  evidently  in 
the  nature  of  conjecture  to  be  uncertain.  In  every 
cafe,  the  affent  ought  to  be  proportioned  to  the 
evidence ; for  to  believe  firmly,  what  has  but  a 
final l degree  of  probability,  is  a manifeft  abufe  of 
our  underftanding.  Now  though  we  may,  in  many 
cales,  form  very  probable  conjectures  concerning 
the  works  of  men,  every  conjecture  we  can  form 
with  regard  to  the  works  of  God,  has  as  little 
probability  as  the  conjectures  of  a child  with  re- 
gard to  the  works  of  a man. 

The  wifdom  of  God  exceeds  that  of  the 
wife  ft  man,  more  than  his  wifdom  exceeds  that  of 

a child. 
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a child.  If  the  child  were  to  conjecture,  how  ait 
army  is  to  be  formed  in  the  day  of  battle,  how  a 
city  is  to  be  fortified,  or  a (late  governed;  what 
chance  has  he  to  guefs  right?  The  wifeft  man  has 
as  little  chance  when  he  pretends  to  conjecture 
how  the  planets  move  in  their  courfe,  how  the  fca 
ebbs  and  flows,  and  how  our  mmds  act  upon  our  bodies. 

If  a thoufand  of  the  greateft  wits  that  ever 
the  world  produced,  were,  without  any  previous 
knowledge  of  anatomy,  to  fit  down  and  contrive 
how,  and  by  what  internal  organs  the  various 
functions  of  the  human  body  are  carried  on ; how 
the  blood  is  made  to  circulate,  and  the  limbs  to 
move;  they  would  not  in  a thoufand  years  hit  upon 
any  thing  like  the  truth. 

Of  all  the  difeoveries  that  have  been  made 
concerning  the  inward  ftruCture  of  the  human  bo 
dy,  never  one  was  made  by  conjecture.  Accurate 
obfervations  of  anatomifts  have  brought  to  light 
innumerable  artifices  in  the  contrivance  of  this 
wonderful  machine,  which  we  cannot  but  admire 
as  excellently  wrell  adapted  to  their  feveral  pur- 
pofes.  But  the  molt  fagacious  phyfiologift  never 
dreamed  of  them  till  they  were  difeovered.  On 
the  other  hand,  innumerable  conjectures  formed  in 
different  ages  with  regard  to  the  ftruCture  of  the 
body,  have  been  confuted  by  obfervation,  and 
none  ever  confirmed. 

What  we  have  faid  of  the  internal  ftruCture 
of  the  human  body,  may  be  faid  with  juftice  of 
every  other  part  of  the  work  of  God,  wherein  any 
real  difeovery  has  been  made  ; fuch  difeoveries 
have  been  always  made  by  patient  obfervation,  by 
accurate  experiments,  or  by  conclufions  drawn  by 
ftriCt  reafoning  from  obfervation  and  experiments, 
and  fuch  experiments  have  always  tended  to 
refute  but  not  to  confirm  the  theories  which 
ingenious  men  had  invented.  If  we  look  back  into 


Nature  and  Properties  of  Air.  6i 


the  date  of  philofophy,  in  the  different  age:-’, 
we  fhall  learn  from  the  hiftory  of  every  period, 
that  as  far  as  philofophers  confulted  nature  and 
proceeded  on  obfervation,  they  made  fome  pro- 
grefs  in  truth,  but  as  far  as  they  pretended  to  carry 
on  their  fchemes  without  it,  they  only  multiplied 
difputes. 

The fineftprodudtionsof human  artareimmenfe- 
lv  lhort  of  the  meaneft  works  of  nature.  The  niceft 

j 

artift  cannot  make  a feather  or  the  leaf  of  a tree  : 
human  workmanfhip  will  never  bear  a comparifon 
with  the  divine.  Conjedtures  and  hypothefes  are 
the  inventions  and  the  works  of  men,  and  muff 
bear  proportion  to  the  capacity  and  (kill  of  the  in- 
ventor, and  will  therefore  be  always  very  unlike  to 
the  works  of  God,  which  it  is  the  bufinefs  of  philo- 
fophy  to  difeover. 

The  firft  rule  of  philofophifing  laid  down  by 
the  great  Newton,  is  this,  No  more  caufes,  nor  any 
other  caufes  of  natural  effects,  ought  to  be  admitted, 
but  fuchasare  both  true  and  are  fufficient  for  explain- 
ing their  appearances.  This  is  a golden  rule,  it  is 
thetrueand  proper  teft  by  which  what  is  found  and 
folid  in  philofophy  is  to  be  diftinguifhed  from  what 
is  hollow  and  vain. 

If,  therefore,  aphilofopher  pretends  to  ffiew  you 
the  caufe  of  any  natural  effedt,  whether  relating  to 
matter  or  to  mind  ; you  are  firft  to  confider  whe- 
ther there  be  fufficient  evidence  that  the  caufe  he 
affigns,  does  really  exift.  If  there  is  not,  rejedt  it 
with  difdain  as  a fidtion  which  ought  to  have  no 
place  in  genuine  philofophy.  If  the  caufe  affigned 
really  exifts,  conlidcr  in  the  next  place,  whether 
the  effedt  it  is  brought  to  explain,  neceffarily  fol- 
low from  it.  Unlefs  it  has  thefe  two  conditions, 
it  is  good  for  nothing. 

By  obferving  this  rule,  you  will  not  be  in  dan- 
ger of  employing  mere  conjedture,  nor  fatisfying 
yourfelves  with  the  illufive  dreams  of  imagination, 

inflead 
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inftead  of  the  real  ftate  of  things.  You  have  feeri 
alfo  in  thefe  lectures  the  force  of  prejudice  on  the 
mind.  Had  Bacon,  Galileo,  Torricellius,  or  Boyle, 
given  way  to  the  objections  thrown  in  their  way,  or 
contented  themfelves  with  the  conjectures  of  their 
anceftors,  we  fhould  have  never  reaped  the  benefit 
of  their  difeoveries ; difeoveries  that  do  honour  to 
human  nature,  and  will  make  their  names  immortal.* 
Truth  in  it’s  omnifeient  fountain  is  univerfal , 
immediate , equal , and  infallible . The  ray  with 
which  man  is  blelfed,  is,  from  the  inferiority 
and  infirmity  of  his  nature,  partial , progrefjive, 
various,  though  immutable  : this  ray  is  obftruCted 
by  paflions,  prejudices,  habits  and  vices,  caufes  of 
error.  Truth,  though  deftined  to  be  the  guide  of 
man,  is  not  bellowed  with  an  unconditional  pro- 
fufion  ; but  is  hidden  in  darknefs,  and  involved  in 
difficulties  ; intended,  like  all  the  other  gifts  of  hea- 
ven, to  be  fought  and  cultivated  by  all  the  differ- 
ent powers  and  exertions  of  human  re  of  on. \ 

Let  the  maxim  of  the  once  celebrated  Thomas 
Aqninas  be  often  before  you,  cave  ab  illo  qui  uni - 
cum  librum  legit  ; fufpect  the  knowledge  of  thofe 
who  dare  not  venture  abroad  in  queft  of  truth,  but 
under  the  authority  of  fome  great  name  : fuch,  how- 
ever, is  human  weaknefs,  that  you  will  often  find 
thofe  who  will  condemn  this  practice  as  abfurd, 
when  applied  to  the  prejudices  that  once  reigned  in 
favour  of  Arifiotle  or  Defcartes,  offended  when  it  is 
brought  home  to  themfelves,  and  when  it  is  fhewn 
that  even  in  this  age,  authority  has  undue  weight  and 
influence.  I hope,  that  you  will  be  dazzled  by  no 
authority,  nor  fuffer  any  popular  prejudice  to  mis- 
lead you,  but  that  you  will  always  be  governed  and 
guided  by  the  importance  of  the  matter,  the  per- 
fpicuity  of  the  fiiCts,  the  juffnefs  of  the  inferences, 
and  the  ffrength  of  the  arguments  propofed  to  you. 

* Reid  on  the  Intelle&ual  and  ACtive  Powers  of  the  Mind. 

•j-  Tatham’s  Chary  and  Scale  of  Truth.  f 
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The  lo  weft  kind  of  evidence  that  can  be  cited  in 
favour  of  any  dodtrine  or  tenet,  is  the  opinion  of 
great  and  celebrated  men.  This  evidence  is  of 
finall  authority,  becaufethe  pre  judices  of  different 
men,  concerning  things  and  peribns,  of  whofe  me- 
rit they  are  incompetent  to  judge:,  is  very  different. 
But  whatever  authority  the  tenets  of  any  philofo- 
pher,  or  fet  of  philofophers,  have,  or  ever  had  in 
the  minds  of  other  men;  they  derive  that  autho- 
rity only  from  a fuppofed  agreement  with  truth,  rea- 
fon,  and  nature. 


LECTURE  ID;. 

IN  the  preceding  lectures,  I proved  to  you  that 
the  fubtle  and  invifible  element  of  air  is  by  no 
means  exempted  from  the  univerfa.1  law  of  gravi- 
tation, and  that  it’s  weight  is  the  caufc  of  many 
phenomena.  I have  from  this  principle  clearly 
and  naturally  accounted  for  feveral  appearances  that 
could  not  be  explained  upon  any  other.  I have 
fhewn  to  you  the  nature  of  thot  ufeful  inftrument 
the  air-pump,  and  the  principles  of  the  celebrated 
experiment  of  Torricellius.  You  have  feen  that 
the  air  is  endued  with  a confid  trable  eiaftic  power, 
by  which  it  perpetually  endeavours  to  expand  itfelf 
into  larger  dimenftons,  and  to  r emove  the  obftacles 
by  which  it  is  confined  within  certain  bounds,  and 
that  it  exerts  this  power  more  forcibly  as  it  is  more 
clofely  crowded  together,  the  force  it  employs  to 
gain  it’s  liberty  being  always  proportionable  to  it’s 
coardlation  or  denlity.  From  what  you  have  al- 
ready feen  and  heard,  you  be? gin  no  doubt  to  per- 
ceive tne  nature  and  delign  o f natural  philofophy, 
that  it  is  intended  to  describe,  the  principal  pheno- 
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mena  of  nature,  to  explain  their  caufes,  and  trace 
out  the  relation  of  the  phenomena  to,  and  their 
dependence  on  thofe  caufes.  But  it  is  fubfervient 
to  purpofes  of  an  higher  kind,  and  will  lead  you  to 
a knowledge  of  the  author  and  governor  of  the 
univerfe,  proving  to  you  the  beauty,  goodnefs,  and 
equity  of  his  adminiftration,  by  {hewing  you  that 
univerfal good  is  the  end  or  final  caufe  of  the  whole 
creation,  dififuling  itfelf  every  where  continually 
into  all  things,  in  proportion  to  their  feveral  ca- 
pacities of  receiving  and  participating  in  it.  It 
will  teach  you  at  the  fame  time  that  the  feveral 
operations  in  nature  are  carried  on  by  means  inde- 
pendent of  alJi  human  counfel  or  direction,  uncon- 
troulable  by  any  human  power  or  authority,  and 
far  tranfeending  all  human  abilities  to  plan,  to 
manage,  or  to  execute.  You  will  difeover  fome  of 
thofe  laws  by  which  the  Sovereign  Legislator 
governs  the  corporeal  univerfe,  and  by  which  he 
maintains  it  in  undiminifhed  vigour,  and  unde- 
caving  beauty,  through  all  ages,  for  the  good  of  all 
beings  capable  of  enjoying  any  fiiare  in  the  mani- 
fold and  various  goods  with  which  it  abounds. 

With  fuch  profpeebs  before  you  I infure  my- 
felf  the  mofi:  unremitted  attention,  and  that  you 
will  not  fuffer  yourfelves  to  be  difeouraged  by  any 
apparent  difficulties,  but  follow  me  with  pleafurc 
while  I am  endeavouring  to  trace  the  operations  of 
nature  through  all  their  multiplied  procefles. 

It  has  been  a queftion  among  philofcphers, 
whether  the  elaftic  powrer  of  the  air  is  capable  of 
being  defiroyed  or  diminifiied  : there  is  reafon, 
however,  to  think  that  it’s  elafiicity  may  be  con- 
fide red  as  nearly  perfect,  becaufe  a mafs  of  air  that 
has  been  comprelfed  by  any  given  force  re-efta- 
blifhes  itfelf  as  foonas  that  forces  ceafes  to  adt,  and 
that  completely,  regaining  the  fame  bulk  it  had 
before  the  comprefilon.  There  are  feveral  experi- 
ments 


Kature  and  Properties  of  Air. 


lrients  which  prove  that  this  elaflicity  is  not  changed, 
either  by  the  force  or  duration  of  the  compreflion ; 
for  with  whatever  force  it  be  compreffed,  or  how  - 
ever long  it  may  be  kept  in  a. (late  of  compreflion, 
it  lofes  nothing  of  it’s  original  force.  MefTrs. 
Eoyle  and  Defaguliers  made  feveral  experiments  in 
order  to  difcover  how  long  the  air  would  retain  it’s 
fpring,  without  being  able  to  obferve  any  fenfible 
diminution.  M.  Roberval  inclofed  air  in  a wind- 
gun,  and  preferved  it  therein  for  16  years;  when  he 
found,  that  it’s  expanfive  force  was  the  fame  as  if 
it  had  been  recently  compreffed.  It  mufl  however 
be  obferved,  that  there  are  other  experiments 
which  drew,  that  in  certain  cafes  the  elaflicity  of  the 
air  may  be  injured,  and  that  it  may  alfo  be  vitiated 
by  admixture  with  fome  peculiar  fubftances. 

Of  the  Rarifaction  of  the  Air. 

Heat  applied  to  a mafs  of  air  produces  two 
tffieCts:  if  the  air  is  fo  fituated  as  to  have  room  to 
expand,  it  rarifies  it,  or  makes  it  occupy  more 
fpace ; if  it  be  inclofed  and  has  not  room  to 
expand,  heat  increafes  it’s  elaflicity,  and  that  lb 
much  the  more  as  the  preffure  is  greater.  To  fhew 
you  that  heat  makes  the  fame  quantity  of  air  occupy 
a larger  fpace,  I take  this  glafs  tube,  which  is 
fealed  at  one  end,  and  nearly  of  an  equal  diameter 
throughout ; I plunge  the  fealed  end  into  boiling 
water,  and  keep  it  there  till  it  has  attained  as  much 
heat  as  the  boiling  water  can  communicate  to  it ; 

I now  take  it  from  thence,  and  infert  the  open  end 
•nto  quickfilver,  which  I have  previoufly  warmed 
that  it  may  not  break  the  glafs  ; you  obferve  that  I 
hold  the  tube  nearly  in  an  horizontal  pofition,  and 
that  the  mercury  nfes  in  the  tube  in  that  proportion 
as  it  and  the  air  within  it  cools : when  it  is  per- 
fectly cooled  (to  the -freezing  point)  you  will  find 
one  third  of  the  glafs  tube  filled  with  quickfilver, 
VOL.  I.  F ^ ' onH 
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and  two  thirds  with  air.  If  I fhould  again  transfer 
it  to  the  veifel  of  boiling  water,  the  heat  thereof 
would  again  expand  the  air,  and  make  it  occupy 
the  whole  length  of  the  tube.  From  this  experi- 
ment you  will  deduce  the  following  inferences : 
i.  That  heat  augments  the  volume  of  air.  2.  That 
a quantity  of  air  comprefied  by  the  weight  of  the 
atmofphere,  and  condenfed  by  the  cold  of  ice,  is  to 
the  volume  of  the  fame  air  ratified  by  the  heat  of 
boiling  water  as  2 to  3. 

In  repeating  thefe  experiments,  you  may 
find  fome  variations,  for  the  refult  will  differ  with 
the  preffure  of  the  atmofphere,  which  you  know  is 
continually  varying,  but  humid  air  will  occalion 
Hill  greater  deviations.  The  effedt  of  a fmall 
quantity  of  moifture  may  be  proved  by  a very  fim- 
pie  experiment,  that  you  may  repeat  when  diflant 
from  any  philofophical  apparatus.  I took  an  empty 
glafs  phial  that  I had  carefully  dried  within  fide, 
and  inverted  it  in  this  water  when  it  was  boiling, 
and  it  has  remained  there  till  the  air  and  water  are 
pcrfe&dy  cool,  and  you  fee  that  the  phial  is  now 
filled  about  one-third  with  water,  fhewing  that 
fo  much  of  the  air  was  expelled  by  the  heat,  and 
confequently  that  the  air  was  expanded  in  that 
proportion.  But  by  the  addition  of  a fmall  quantity 
of  water  to  wet  the  infide  of  the  phial,  the  air 
will  be  totally  expelled,  and  make  fo  perfedt  a 
vacuum,  that  when  all  is  cool  the  phial  will  be  en- 
tirely filled  with  water. 

Heat  increafes  the  elafficity  of  the  air,  in  pro- 
portion to  the  incumbent  preffure,  if  the  ex- 
panlion thereof  be  prevented.  Take  a glafs  tube 
between  four  and  live  feet  in  length,  and  about 
one-tenth  of  an  inch  in  diameter,  bent  at  bottom,, 
and  terminating  in  a thin  glafs  globe  live  inches 
diameter,  filled  with  common  air ; pour  as  much 
mercury  into  the  tube  as  will  rather  more  than  fill 
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the  curved  part  thereof;  and  when  the  tube  is  ver- 
tical the  mercury  will  be  of  an  equal  height  in 
each  branch  of  the  tube : now  it  is  plain  that  this 
could  not  be  the  cafe  unlefs  there  was  an  equal 
prelTure  on  each  end  of  the  mercury,  the  denfity 
of  the  air  within  the  ball  being  a counterbalance 
to  the  prelTure  of  the  atmofphere.  Let  us  fuppofe 
this  prelTure  to  be  equal  to  a column  of  mercury 
of  28  inches;  on  plunging  the  ball  into  boiling 
water,  the  mercury  will  rife  about  9A  inches  above 
the  level  in  the  longer  arm,  which  is  one-third  of 
28  inches.  When  the  whole  is  cool,  pour  into  the 
tube  as  much  mercury  as  will  form  a column  of 
28  inches  above  the  level;  confequently  the  air  in 
the  ball  now  fullains  a double  atmofphere  : plunge 
it  again  in  boiling  water,  and  the  mercury  will  be 
raifed  18A-  inches  above  the  point  it  was  at  before 
the  irnmerlion:  now  1 8 A is  the  third  of  56  inches, 
the  prelTure  fuftained  by  the  air  in  the  ball ; To 
that  this  air  then  counterbalances  a weight  equal 
to  a column  of  mercury  74 A in  height : namely, 
the  weight  of  the  atmofphere,  28  inches  of  mer- 
cury, and  1 8 t?  inches,  to  which  this  was  raifed.  It 
is  evident  therefore,  from  this  experiment,  ill, That 
heat  increafes  the  elaftic  force  of  the  air  in  pro- 
portion to  the  incumbent  prelTure.  2d,  That  the 
heat  of  boiling  water  increafes  the  elaftic  power 
of  the  air  one-third  of  the  incumbent  prelTure. 
In  the  fame  manner  you  will  find  that  the  elafticity 
of  the  air  is  weakened,  and  that  it  contracts  into 
lefs  fpace  by  irnmerlion  in  cold  or  freezing  mix- 
tures. 

It  is  plain  from  what  has  been  faid,  that  the 
fame  degree  of  heat  will  expand  air  more  in  pro- 
portion, as  the  compreffing  force  is  removed. 
When  a flaccid  bladder  is  placed  under  the  re- 
ceiver of  an  air-pump,  and  the  compreffing  force 
is  withdrawn  by  exhauftion,  the  air  included  in  the 
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bladder  expands  and  ftretches  it,  in  the  fame  man- 
ner it  would  do,  if  the  bladder  were  expofed  to 
the  heat  of  a fire.  Hence  you  may  perceive  why 
the  vacuum  of  an  air-pump  produces  fo  many  of 
the  fame  elfedts  with  adtuai  fire. 

It  is  nec diary  to  obferve  to  you  one  or  two 
circumftances  concerning  the  experiment  with  the 
bent  tube  and  the  ball,  as  they  occafion  fomc  dif- 
ference in  the  refults.  i.  As  the  mercury  which 
rifes  in  the  longer  leg  of  the  tube  diminifhes  the 
quantity  in  the  fhorter  tube,  it  leaves  the  air  more 
room  to  expand,  i.  Becaufe  the  bulk  or  fize  of 
the  ball  is  increafed  by  the  heat  of  boiling  water, 
which  gives  the  air  contained  therein,  more  room 
alfo  to  expand,  and  thus  lefiens  the  denfity  thereof, 
and  prevents  the  elaftic  force  being  fo  much  aug- 
mented as  it  would  otherwife  have  been  by  the 
heat  of  the  water.  Thefe  circumftances  are  men- 
tioned to  you,  to  fhew  you  with  what  care  and 
caution  every  philofophical  inquiry  fliould  be  pur- 
fued,  and  that  the  moft  minute  circumftances  are 
to  be  attended  to;  even  the  irregularities  obferved 
in  making  any  experiment  fliould  be  communi- 
cated, that  others  may  know  what  has  happened, 
and  what  they  may  expedt  to  meet  with  in  the 
courfe  of  their  future  inquiries.  Improvements 
of  every  kind  advance  by  flow  degrees ; and  it  is 
not  until  things  have  been  viewed  in  every  pofhblc 
light,  that  error  can  be  difeovered,  the  point  in 
queftion  clearly  afeertained,  and  the  branches  of 
philofophy  depending  on  the  experiments  you  are 
making,  be  brought  nearer  to  perfection. 

I fhall  now  proceed  to  apply  the  experiments 
you  have  feen,  that  you  may  perceive  their  ufe  to 
mankind ; and  though  fome  of  them  may  have  ap- 
peared to  you  of  little  importance,  I hope  foon  to 
convince  you,  that  even  in  the  common  avocations 
of  life,  you  will  often  have  occafion  to  refer  to  the 
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confequences  naturally  arifing  from  them.  It 
is  an  excellent  remark  of  an  able  writer,  fC  That 
(f  things  remote  from  common  obfervation  are  at 
tx  firft  indiftindtly  feen,  like  the  diffant  objects  in 
“ a profpedt.  We  are  in  doubt  whether  they  are 
<(  hills  or  clouds  which  appear  in  the  Ikirts  of  the 
r<  horizon ; but  when  we  draw  near  to  them,  we 
“ find  they  are  no  vapours,  but  firm  land  fit  for 
if  culture  and  inhabitation.” 

That  admirable  property  of  the  air,  whereby 
it  expands  with  heat,  and  contracts  with  cold,  is 
one  of  the  principal  caufes  of  winds.  When  the 
air  in  any  place  is  rarified,  the  furrounding  air* 
which  is  more  denfe,  rufhes  in  to  fupply  the  va- 
cuity. Air  in  any  one  place  being  heated  becomes 
lighter,  and  afeends ; the  furrounding  air,  being 
heavier  and  colder,  fupplies  it’s  place.  The  air 
of  any  place  being  therefore  heated,  and  rarified 
by  the  fun’s  rays  or  any  other  caufe,  the  air  of  a 
colder  region  will  prefs  into  that  place,  with  a de- 
gree of  violence  equal  to  the  rarifadtion.  On  the 
other  hand,  if  from  any  caufe  it  becomes  colder, 
it  contracts  into  a fmaller  lpace,  and  the  warmer 
circumjacent  air  rufhes  into  the  place,  to  keep  up 
the  equilibrium  of  nature. 

Of  the  caufes  and  nature  of  winds  I fhall 
treat  more  largely  in  a future  lecture.  To  render 
the  circulation  of  air  evident,  I fliall  mention  an 
cafy  experiment  which  you  may  make  on  the  firft 
convenient  opportunity.  Let  the  air  of  a room  be 
heated  by  a good  fire,  while  the  air  of  a contiguous 
room  is  cold ; then  let  the  door  between  the  two 
rooms  be  opened,  and  the  cold  air  being  heavieft, 
will  come  into  the  heated  room  by  the  lower  part 
of  the  door-way  ; the  heated  air  will  go  out  into 
the  cold  room  by  the  upper  part  of  the  door- way  : 
the  direction  of  thefe  currents  of  air  may  be  feen 
by  the  direction  of  the  flame  of  a candle,  which 
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will  be  driven  inwards  or  towards  the  heated  room, 
if  held  near  the  bottom  of  the  door-w  ay ; out- 
wards, if  held  near  the  top  ; whilft  in  the  middle, 
there  is  little  or  no  motion,  the  flame  remaining 
perpendicular.  This  experiment  further  proves 
the  rari faction  of  air  by  heat,  but  it  fhews  alfo, 
that  it  is  the  property  of  rarified  air  to  afeend. 

If  a room  with  a fire  in  it  be  perfectly  doled 
except  the  chimney,  the  air  therein  would  foon  be 
rendered  unfit  for  refpiration,  and  the  fire  itfelf 
would  foon  be  extinguifhed.  Hence  it  appears 
how  improper  it  is,  to  keep  the  room  of  thofe  w ho 
are  unw  ell  or  convalefcent,  too  clofe.  The  luxury 
and  efleminacy  of  this  age  is  ftudious  to  flop 
up  every  crack,  and  exclude,  as  much  as  may  be, 
every  breath  of  air ; wrongly  confulting  prefent 
indulgence,  at  the  expence  of  future  eafe  and  com- 
fort. Children  and  young  people  are  the  molt 
fufceptible  of  the  ill  effedt  of  a clofe  air,  and  fhew 
it  by  turning  lick,  and  complaining  of  the  head- 
ach ; and  they  who  by  practice  feel  lefs  prefent 
inconvenience,  are  flowly  loling  their  complexions 
and  deftroying  their  conftitutions,  which  are  never 
more  invigorated  than  by  the  coldnefs  and  purity 
of  the  morning  air.  It  is  a common  obfervation, 
and  a true  one,  that  the  body  is  ftrongeft  and  the 
fpirits  molt  active,  in  fharp  frofty  weather,  when 
fire  burns  the  brighteft ; therefore  if  you  are  wife, 
you  will  be  forward  to  expofe  yourfelves  to  the 
frelhnefs  of  a cool  air,  that  you  may  have  the  ufe 
and  enjoyment  of  your  faculties,  while  others  are 
deltroying  the  powers  of  life  by  the  debilitating 
Ileep  of  the  morning  hours,  and  the  fickly  warmth 
of  a clofe  apartment. 

Many  people  imagine,  that  fire  will  purify 
contaminated  air,  by  deltroying  the  noxious  par- 
ticles that  are  mixed  with  it,  and  thus  render  it 
fitter  for  refpiration : this  however  is  not  true,  for 
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fire,  and  combuftion  in  general,  is  fo  far  from  pu- 
rifying air,  that  it  actually  contaminates  a pro- 
digious quantity;  fo  that  even  a lighted  candle 
kept  in  a clofe  room,  to  which  the  external  air  has 
not  free  accefs,  renders  the  air  of  that  room  ex- 
tremely noxious.  But  a fire  kept  up  in  a room  or 
apartment  where  the  air  is  tainted,  as  in  hofpitals, 
&c.  will  purify  the  apartment,  by  promoting  a 
circulation  of  frefh  air,  to  expel  that  which  is  in- 
fected. 

Of  Smoky  Chimnies. 

Among  the  various  inconveniences  of  life, 
there  are  few  more  troublefome  than  being  obliged 
to  dwell  in  a fmoky  houfe.  Smoke  is  a vapour 
ofFenfive  to  the  fenfes,  and  prejudicial  to  the  health: 
it  deftroys  all  domeftic  enjoyment,  foon  tarnifhing 
the  moll  beautiful  decorations  of  a room,  and 
fpoiling  the  furniture.  Numerous  have  been  the 
contrivances,  and  immenfe  the  fums  of  money  ex- 
pended, to  fecure  the  enjoyment  of  a fire,  without 
the  annoyance  of  fmoke.  Men  of  the  firft  abili- 
ties have  not  thought  this  fubjedt  unworthy  of 
their  attention  ; and  among  thofe  who  have  en- 
deavoured to  remove  the  evils  attending  a fmoky 
chimney,  you  will  find  the  names  of  Defcartes, 
Defaguliers,  Anderfon,*  and  Franklin. 

The  author  of  a paper  in  the  Plain  Dealer, 
afferts,  that  of  the  various  perverfions  of  abilities, 
there  is  none  that  makes  a human  being  more  ri- 
diculous, or  more  dangerous  in  it’s  confequences, 
than  that  of  attempting  to  ftir  a fire  without  judg- 
ment ; to  prevent  which  he  lays  down  the  fol- 
lowing rules  : 1.  Stirring  of  a fire  is  of  ufe,  becaufe 
it  makes  a hollow  where  the  air  being  rarified 
by  the  adjacent  heat,  the  furrounding  air  rulhes 
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into  this  vacuum,  and  gives  life  to  the  fire,  and 
carries  the  flame  with  it.  2.  Never  ftir  a fire 
when  frefh  coals  are  laid  on,  particularly  when 
they  are  very  fmall,  becaufe  they  immediately  fall 
into  the  vacuum,  and  therefore  ruin  the  fire.  3. 
Always  keep  the  bottom  bar  clear.  4.  Never 
begin  to  ftir  at  top,  unlefs  when  the  bottom  is 
quite  clear,  and  the  top  only  wants  breaking. 

You  have  already  feen,  that  air  has  a conftant 
tendency  to  preferve  an  equilibrium  ; fo  that  if 
the  weight  of  it  be  diminilhed  in  one  place,  the 
heavier  air  nifties  in  from  all  Tides,  till  the  equili- 
brium be  again  reftored.  I have  fliewn  you,  that 
heat  will  difturb  this  equilibrium  very  confider- 
ably,  that  it  expands  the  air,  and  makes  the  fame 
quantity  occupy  a much  larger  fpace,  and  thus 
renders  it  much  lighter.  When  a fire  is  kindled 
in  a room,  it  heats  and  rarifies  the  air  contiguous 
to  it,  which  becomes  confequently  lighter  than  the 
furrounding  air,  and  therefore  afcends  into  the  at- 
mofphere,  till  it  finds  or  meets  with  air  of  the 
fame  gravity  with  itfelf,  and  the  air  in  the  room 
which  is  lower  and  more  denfe,  rufties  in  to  fupply 
it’s  place,  and  being  there  heated  and  rarified,  it 
afcends  in  the  fame  manner,  carrying  with  it  the 
fmoke  arifing  from  the  coals  or  wood  : the  fire  is 
fed  and  preferred  by  this  conftant  draught  and 
circulation  of  air. 

By  this  current  of  air,  the  machine  called  a 
fmoke-jack  is  put  in  adlion.  It  confifts  of  a cir- 
cular fet  of  vanes  difpofed  obliquely  to  the  courfe 
of  the  air,  like  the  fails  of  a good  windmill  : 
thefe  are  fixed  into  a vertical  fhaft  and  fpindie 
that  communicate  with  fome  wheel-work;  thefe 
vanes  are  turned  round  with  great  velocity,  when 
the  fire  burns  brifkly,  the  ftream  of  air  prefling 
fucceflively  on  the  vanes,  as  a ftream  of  water  on 
the  floats  of  a water-wheel.  This  may  be  illuf- 
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tratcd  by  an  entertaining  experiment : here  is  a 
paper  lanthorn  adorned  with  figures,  and  fixed  to 
a light  circular  frame  of  ten  vanes,  each  of  them 
about  four  or  five  inches  long,  and  about  one  and 
an  half  broad.  The  center  of  thefe  is  hung  on  a 
fine  upright  pivot.  I put  a lighted  candle  under 
the  vanes  ; in  a little  time  the  air  heated  by  the 
candle  will  rife,  and  by  it’s  fuccefiive  ftrokes  againft 
the  vane,  make  the  lanthorn  revolve  with  confi- 
derable  velocity. 

This  circulation  is  evident  to  every  one,  and 
you  muft  all  know  how  much  fire  is  quickened  and 
increafed  by  a blaft  of  air.  It  is  an  eftablifhcd  law 
,of  nature,  that  as  foon  as  a fire  begins  to  fpread 
itfelf,  a ftream  of  air  rufhes  in  from  all  fides  to 
fupport  it ; and  the  larger  the  fire,  the  fharper  is 
the  indraught  of  the  air,  which  fupplies  the  fire 
w ith  frelh  life  and  vigour  : betwxen  the  two  a 
double  motion  is  maintained  of  fire  outwards  and 
air  inwards  ; that  the  matter  of  fire  goes  outwards 
is  evident,  ill,  from  the  fhadowr  which  any  opake 
body  calls  behind  it,  by  intercepting  this  matter 
in  it’s  courfe  ; 2dly,  from  the  heat  propagated 
through  the  air,  and  which,  at  a confiderable  dif- 
tance  from  the  fire  itfelf,  will  a£fc  as  fire,  and  in- 
flame bodies  when  it  is  reflected  from  a concave 
fpeculum.  The  current  of  air  inwards  you  will 
perceive  by  holding  a lilk  handkerchief,  or  any 
other  light  body  near  the  -fire,  as  well  as  by  the 
rufhing  of  the  air  through  all  the  joints  and  aper- 
tures of  the  doors  and  windows  of  a room  heated 
by  a fire. 

If  you  place  any  burning  matter  under  a re- 
ceiver not  exhaufted  of  it’s  air,  the  fmoke  will 
rile  up  perpendicularly  and  with  confiderable  ve- 
locity ; but  when  the  air  is  exhaufted,  the  fmokp 
will  either  link  down,  or  hover  as  an  atmofphere 
about  the  ignited  body  ; proving  that  the  fmoke 
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docs  not  afcend  from  any  innate  quality,  but  is  im- 
pelled or  forced  up  by  a denfe  and  adtive  fluid. 

A high  chimney  is  J aid  to  draw  left , and  to  you 
thereafon  will  be  evident,  for  the  higher  the  chim- 
ney, the  greater  is  the  difference  between  the  co- 
lumn of  heated  air  within  the  chimney,  and  a co- 
lumn of  the  fame  diameter  and  altitude  without. 
For  the  air  continues  warm  and  highly  rarihed  till 
it  intermixes  with  the  common  air  at  the  top  of 
the  chimney,  and  is  confequently  throughout  it’s 
whole  length  lighter  than  the  fame  bulk  of  com- 
mon air ; it  is  clear,  therefore,  that  the  longer 
thefe  two  columns  of  unequal  gravity  are,  the 
greater  will  be  their  difference  in  their  weight, 
the  air  will  afcend  with  greater  celerity,  and  the 
chimney  will  act  better. 

There  is  another  material  circumffance  to- 
wards promoting  a good  draught  in  the  chimney, 
making  the  air  that  is  forced  through  pafs  as  near 
the  fire  as  potfible.  It  is  the  heated  and  ratified 
ftate  of  the  air  which  caufes  it’s  afeenhon;  the 
more  air  is  heated,  the  greater  will  be  the  force 
and  velocity  with  which  it  afeenas  ; and  air  will 
be  more  heated,  the  nearer  it  approaches  the  fire 
when  it  enters  the  chimney:  in  other  words,  the 
lower  the  mantle  of  the  chimney  is,  the  more  rea- 
dily will  the  fmoke  afcend,  being  more  rarihed, 
and  moving  with  great  velocity. 

But  freflo  air  miift  be  admitted  into  the'  apart- 
ment in  Juffficient  quantity  to  flippy  what  is  thus  car- 
ried away , and  conjumed  by  the  fi re,  otherwife  the 
air  in  the  room  would  be  foon  exhaufted,  and  light- 
er than  the  external  air  at  the  top  of  the  chimney, 
and  the  fmoke  would  therefore  be  loon  difperfed  in 
the  room  ; thus  from  the  conlideration  of  the  ac- 
tion of  the  air  and  fire,  we  are  naturally  led  to  treat 
of  the  caufes  of  fmoky  chimnies  ; and  I perfuade 
myfelf,  that  you  will  be  enabled  yourfelves,  from 
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the  principles  already  laid  down,  when  the  caufe 
is  fhewn  you,  to  point  out  the  remedy. 

The  general  caufe  of  fmoky  chimnies  in  a new 
ho  life  is  the  want  of  air.  The  workmanfhip  of  the 
rooms  being  all  good,  the  joints  of  the  boards  of 
the  floors  all  tight  and  true ; the  doors  and  fafhes 
being  alfo  worked  with  truth,  and  ihutting  with 
exa&nefs,  there  is  no  paflage  left  for  the  air  to  en- 
ter except  by  the  key-hole,  and  that  is  often  flop- 
ped by  a dropping  fhutter.  Now  it  muff  be  plain 
to  you,  that  in  this  cafe  there  can  be  no  circulation 
of  air,  to  fupport  the  place  of  that  which  is  Tari- 
ffed by  the  Are ; and  confequently  that  there  can 
be  no  current  to  prevent  the  l'moke  coming  into 
the  room. 

To  flop  every  crevice  in  a room,  and  yet  fup- 
pofe  that  a chimney  can  carry  up  the  fmoke,  is  to 
require  inconflflencies,  and  expedt  impoflibilities  ; 
yet  often  on  this  account  alone,  has  the  owner  of 
a new  houfe  been  feen  in  defpair,  and  ready  to  fell 
it  for  much  lefs  than  it  coll ; and,  often  alfo  much 
expence  has  been  laid  out  to  effedl  a cure  to  little 
purpofe,  as  thofe  who  were  employed  were  igno- 
rant of  the  principles  on  which  the  cure  mufl  be 
founded. 

You  will  eafily  afeertain  whether  this  be  the 
caufe  of  the  chimney’s  fmoking  ; for  if  the  opening 
a door  or  a window  enables  the  chimney  to  carry  up 
all  the  fmoke,  it  is  clear  that  want  of  air  from 
without  is  the  caufe  of  it’s  fmoking. 

Your  mind  has  already  fuggefled  to  you,  that 
the  only  poflible  means  of  remedying  this  evil,  mufl 
be  by  a continual  fupply  of  frefh  air,  and  we  have 
only  to  co'nfider  how  this  fupply  may  be  procured 
with  the  fewell  inconveniences.  Here,  however, 
it  will  be  neceflary  to  obferve  to  you,  that  in  all 
rooms  where  there  is  a fire,  the  body  of  air  that  is 
warmed  and  rarified  before  the  chimney,  is  con- 
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tinually  changing  place,  and  making  room  for 
other  air  to  be  warmed  in  it’s  turn.  Part  of  it  is 
driven  up  the  chimney,  the  reft  rifes  and  takes 
place  near  the  ceiling,  if  the  room  be  lofty,  the 
warm  air  remains  above  our  heads,  as  long  as  it 
continues  warm ; and  we  are  but  little  benefited 
by  it,  becaufe  it  does  not  defeend  till  it  is  cooler. 

The  difference  in  the  climate,  between  the 
upper  and  lower  parts  of  a lofty  room,  is  greater 
than  you  would  at  firft  imagine,  but  which  you 
-may  eafily  afeertain  by  a thermometer,  or  going 
up  a ladder  till  your  head  is  near  the  ceiling.  It 
Is  among  this  warm  air  that  the  wanted  quantity 
fhould  be  admitted,  for  by  mixing  with  the  fur- 
rounding air,  thecoldnefs  thereof  is  abated,  and  the 
inconveniencies  that  would  otherwife  arife  from 
it's  admiflion,  are  hereby  rendered  almoft  fnfenfi- 
ble ; and  this  may  be  eafily  effected,  by  cutting  a 
crevice  in  the  frame  at  the  upper  part  of  the  fafh, 
which  may  be  concealed  by  a thin  board  Hoping 
upwards,  to  give  the  air  that  paffes  through  an  ho- 
rizontal direction  along  and  under  the  ceiling.  In 
fo me  houfes  the  air  may  be  admitted  by  a crevice  in 
the  wainfeot,  or  plaiftering  near  the  ceiling  and  over 
the  opening  of  the  chimney  j this,  where  practicable, 
is  to  be  chofen,  becaufe  the  entering  cold  air  cools 
the  warmeft  air  as  it  rifes  from  before  the  fire,  and  is 
fooneft  tempered  by  the  mixture.  It  may  alfo  be 
effected  by  a pipe  or  tube  communicating  with  the 
ceiling,  admitting  air  there,  and  leading  from 
thence  downwards  on  the  outfide  or  infide  of  the 
building,  the  lower  end  communicating  with  the 
external  air.  The  cold  air  would  come  in  at  the 
lower  aperture,  afeend  into  the  room,  and  imper- 
ceptibly mix  with  the  heated  air,  and  difperfing  it- 
felf  through  the  room  to  the  fire,  carry  off  the  foul 
air,  and  fupply  the  room  with  a fucceffion  of 
that  which  is  pure  and  wholefome. 

2.  Smokq 
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2.  Smoke  dcfcends  into  the  room  when  the  open- 
ing of  the  chimney  is  too  large,  that  is,  when  it  is 
either  too  wide , too  high , or  too  deep.  Con  (idem! 

philofophically,  the  apertures  of  the  chimnics 
lhould  always  be  proportioned  to  the  height  of  the 
funnel.  The  openings  of  the  longed  funnels  may 
always  be  larger  than  thofe  with  fhorter  funnels. 

When  the  chimney-piece  is  too  high,  a great 
quantity  of  cold  air  can  pafs  between  the  mantle 
and  the  chimney,  without  being  ratified  by  the 
fire,  confequently  the  contents  of  the  funnel  differ 
lefs  in  weight  from  the  furrounding  air,  and  the 
power  of  afcending,  or  draught  of  the  chimney,  is 
confiderably  leffened,  if  not  deffroyed. 

If  the  fire-place  be  too  deep,  the  grate  Hand- 
ing far  back,  the  air  is  not  fufficiently  heated,  nor 
will  the  evil  be  cured  by  bringing  the  grate  for- 
ward, and  leaving  a vacuum  behind. 

When  the  opening  is  too  wide,  a great  deal 
of  air  paffes  the  Tides  of  the  grate  without  being 
much  heated ; wherever  a quantity  of  cold  air  is 
differed  to  pafs  the  chimney,  the  motion  of  the 
frnoke  is  checked  and  ftifled  at  it’s  firft  fettino-  off* 
and  the  circulation  of  the  external  air  being  de- 
firoyed  the  frnoke  dcfcends. 

Thefe  defeats  may  be  remedied  by  a proper  con- 
traction of  the  opening  of  the  chimney,  and  by 
filling  up  the  vacancies  behind  and  on  each  fide 
of  the  grate,  fo  as  to  let  no  air  enter  from  below 
but  what  comes  immediately  through  or  before  the 
fire,  whereby  the  air  will  be  more  heated  and  ra- 
rified,  and  the  funnel  made  warmer  fo  as  to  main- 
tain a good  draught  at  the  opening.  But  as  in  a 
wide  chimney  a quantity  of  cool  air  often  enters 
at  the  two  corners  of  the  mantle,  and  thus  finds 
it’s  way  into  the  chimney  without  coming  near  the 
fire  ; to  remedy  this,  place  a fheet  of  milled  iron 
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on  each  fide,  within  the  mantle,  as  low  as  poffiblc, 
and  flanting  upwards  towards  the  middle  of  the 
chimney.  This  method  is  ftill  more  efficacious, 
if  one  of  the  plates  be  placed  a little  lower  than 
the  other,  and  made  fo  long  that  the  ends  of  one  go 
beyond  the  end  of  the  other  thus,/\.  Thus  will  every 
particle  of  air  be  obliged  to  pafs  before  the  fire, 
and  be  rarified.  It  may  be  proper  to  obferve  here, 
that  the  openings  may  be  made  too  fmall,  fo  that 
the  entering  air  operating  too  violently  and  diredt- 
ly  on  the  fire,  will  ftrengthen  the  draught,  but  will 
alfo  confume  too  much  fuel. 

3.  Another  caufe  oj  fmoky  chimnies  is  having 
too  Jhort  a funnel . 

There  are  fome  fituations  where  a fhort  funnel 
cannot  be  avoided ; the  only  remedy  in  this  cafe, 
is  to  contract  the  opening  of  the  chimney,  fo  as  to 
oblige  all  the  entering  air  to  pafs  through  or  very 
near  the  fire. 

4.  It  is  very  common  for  one  chimney  to  over- 
power another , and  thus  bring  down  the  /moke. 

Thus  in  a middle  fized  room  with  two  fire- 
places, if  the  doors  and  windows  be  fhut,  and  a 
large  brifk  fire  be  made,  it  will  foon  bring  the 
air  down  the  other  chimney  with  fuch  force  as  to 
put  out  a candle  : if  fires  are  kindled  in  both,  the 
greater  and  Wronger  fire  will  overpower  the  weaker, 
and  draw  air  down  the  funnel  thereof  to  fupply 
it’s  own  wants  ; this  air  in  defcending  will  drive 
down  the  fmoke  of  the  other  fire,  and  force  it  into 
the  room. 

If,  inftead  of  being  in  one  room,  the  two  chim- 
nies are  in  two  different  rooms  communicating  by 
a door,  the  cafe  is  the  fame  whenever  that  door  is 
open.  A kitchen  chimney,  in  a tight  houfe,  will, 
when  the  doors  are  open  that  communicate  with 
the  flair-cafe,  overpower  every  other  chimney  in 
the  houfe,  and  draw  the  fmoke  down  them. 
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The  only  remedy  here  is  to  fupply  every 
chimney  with  as  much  air  as  is  neceflary  for  it’s 
own  confumption,  which  may  be  effected  by  the 
means  already  pointed  out. 

5.  <Tbe  / 'make  is  often  driven  into  a room  by  the 
improper  and  inconvenient  filiation  of  a door . 

For  as  the  iinoke  is  carried  up  the  funnel  by 
the  continual  and  fucceffive  preifure  of  the  air 
that  enters  at  the  fire-place,  if  this  air  be  diverted 
or  driven  away  from  the  chimney,  the  fmoke  will 
be  carried  away  with  it  into  the  room  ; indeed 
any  circumftance  that  turns  the  current  of  air 
from  the  under  part  of  the  fire,  will  be  an  allured 
caufe  of  producing  fmoke  in  the  room.  The  va- 
riety of  cafes  that  occur  under  this  head,  arc  too 
many  to  be  enumerated  in  this  ledture.  The  re- 
medies are  either  to  place  an  intervening  fereen, 
01*  to  fhift  the  hinges  of  the  door. 

6.  Sometimes  an  apartment  is  filled  with  fmoke 
when  afire  is  kindled  in  an  adjoining  chimney , and  no 
fire  in  the  incommoded  room , although  it  docs  not 
fmoke  when  it" has  a fire  burning  at  it’s  own  grate. 

This  generally  arifes  firfi:  from  the  wind  driv- 
ing the  fmoke  down  the  funnel  of  the  adjoining 
chimney  along  with  the  cold  air,  which  cold  air 
may  be  forced  down  by  a guff  of  wind  or  by  other 
caufcs ; this  may  be  remedied  by  a circular  parti- 
tion of  about  three  inches  between  the  funnels 
at  top. 

Or  it  may  arife  from  holes  in  the  partition 
that  divides  the  funnels  ; for  this  there  is  no  per- 
fect cure,  but  pulling  down  the  chimney  to  the 
part  where  the  holes  are,  and  rebuilding  it  in  a 
found  manner.  You  may  be  relieved,  by  making 
ufe  of  a chimney  or  fmoke  board,  fitted  exadtly 
into  the  aperture  of  the  chimney. 

7.  If  the  funnel  be  made  fo  narrow  as  not  to 
permit  the  fmoke  to  pafs  freely , it  is  checked  by  the 
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fudden  contraction  at  the  mouth  of  the  chimney , and 
will  he  forced  into  the  room  before  it  can  overcome 
the  ref  fiance  to  itys  of  cent.  Every  chimney  fhould 
be  made  wide  enough  to  carry  off  all  the  fmoke 
arifing  from  the  fire  ufually  burned  in  it. 

The  moft  obvious  cure  is  what  can  feldom  be 
effected  without  much  inconvenience  and  expence, 
that  is,  building  an  additional  flue  to  carry  up  the 
furplus  of  the  fmoke  ; but  if  the  fituation  will  not 
admit  of  this,  the  fire-place  may  be  contracted 
both  in  breadth  and  height,  and  a fmaller  grate 
ufed,  and  the  funnel  heightened.  If  this  only 
cures  in  part,  and  the  chimney  ftill  fmokes  in  part, 
a blower,  or  front  plate  of  brafs  or  iron,  to  put  on 
and  take  off  at  pleafure,  mult  be  ufed. 

8.  The  fmoke  is  often  drawn  down  by  a wrong  po- 
fition  of  the  houfe  with  refpe.di  to  external  objects , 
as  when  tops  of  chimnies  are  commanded  by  higher 
buildings , or  by  a hilly  &c.  which  by  interrupting 
the  courfe  of  the  air  make  it  affume  various  di- 
rections, and  drive  the  fmoke  down  the  chimney 
in  a ftream,  or  wheeling  about  in  eddies,  prevent 
it’s  afeent. 

Hence  it  is  that  low  houfeS,  when  contiguous 
to  high  objeCts,  are  in  danger  of  being  dilturbed 
with  fmoke.  If  the  contiguous  objeCt  be  not  very 
high,  the  diforder  may  be  cured  by  heightening 
the  chimney ; but  if  it  be  very  high,  it  will  be 
neceffary  to  place  a turncap,  or  fome  fuch  other 
contrivance,  on  the  top  of  the  chimney,  as  will 
prevent  the  wind  from  entering  it,  while  it  leaves 
a free  paffage  for  the  fmoke. 

9.  The  fmoke  will  fome  times  be  driven  down 
by  frong  winds  puffing  over  the  top  of  the  funnels. 
This  cafe  is  molt  frequent  where  the  funnel  is 
fhort,  and  the  opening  turned  from  the  wind. 

When  a violent  current  of  air,  or  a ftrong 
wind,  pafles  over  the  top  of  a chimney,  the  parti- 
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cles  thereof  acquire  fo  much  force,  and  move  with 
id  much  rapidity  in  a direction  nearly  horizontal, 
as  to  prevent  the  riling  light  air  from  ilTuing  out 
at  the  top  of  the  chimney,  and  fome  of  the  current 
is  alfo  often  driven  down  the  chimney.  Where 
this  happens  often,  a turncap  will  be  the  bell 
remedy. 

Chimnies,  whofe  funnels  go  up  in  the  north 
wall  of  a houfe,  and  are  expofed  to  the  north 
winds,  do  not,  in  general,  draw  fo  well  as  thofe  in 
a fouth  wall,  becaufe  when  rendered  cold  by  thofe 
winds  they  check  the  fmoke. 

Chimnies  inclofed  in  the  body  of  a houfe,  are 
better  than  thofe  whofe  funnels  arc  expofed  in 
cold  avails. 

Chimnies  in  hacks  draw  better  than  feparate 
funnels,  becaufe  the  funnels,  that  have  conftant 
fire  in  them,  wrarm  the  others  in  fome  degree  that 
have  none. 

All  funnels  fhould  have  a winding  direction 
as  near  the  top  as  pofftble,  which  would  in  a great 
meafure  prevent  any  ill  effedts  from  ftrong  or 
fudden  gufts  of  wind. 

I have  now  Ihewn  you  the  general  caufes  which 
prevent  the  free  afeent  of  fmoke ; in  fome  cafes 
two  or  more  of  thefe  caufes  may  operate  at  the 
fame  time. 

Dr.  franklin  obferved  a curious  circumffance 
relative  to  chimnies,  which  does  not  feem  to  have 
been  noticed  by  any  one  elle,  and  which  is  wor- 
thy of  your  attention,  namely,  that  in  fummer 
time,  when  no  fire  is  made  in  the  chimnies,  there 
is,  neverthelefs,  a regular  draught  of  air  through 
them,  palfing  upwards  from  about  five  or  fix  o’clock 
in  the  afternoon,  till  eight  or  nine  o’clock  the 
next  morning,  when  the  current  begins  to  fiacken 
and  hefitate  a little  for  about  half  an  hour,  and 
then  fets  as  ftrongly  down,  which  it  continues  to 
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do  rill  towards  five  in  the  afternoon,  when  it 
(lac kens  and  hefitatcs  as  before,  for  about  half  an 
hour,  and  gets  a ffeady  upward  current  for  the 
night.  The  hours  vary  a little  as  the  days  lengthen 
and  fhorten  ; they  are  alfo  varied  by  fudden 
changes  in  the  weather.  In  fummer  time  there  is 
a great  difference  in  the  warmth  of  the  air  at  mid- 
day and  mid-night,  and  of  courfe  in  it’s  fpecific 
gravity,  as  the  more  the  air  is  warmed  the  more  it 
is  ratified.  The  funnel  of  the  chimney  being  ge- 
nerally furrounded  by  the  houfe,  is  protedled  both 
from  the  heat  of  the  fun’s  rays,  and  the  coolnefs 
of  the  night ; this  mean  temperature  it  communi- 
cates to  the  air  contained  in  it..  If  the  outer  air 
is  cooler  than  that  in  the  funnel,  it  will,  by  being 
heavier,  force  it  to  rife,  and  go  out  at  the  top ; 
what  Supplies  it’s  place,  being  warmed  by  the  fun- 
nel, is  in  it’s  turn  alfo  forced  up  the  chimney,  and 
fio  the  current  continues  till  the  next  day,  when 
the  fun  warms  the  air  : and  the  funnel  being  now 
cooler  than  the  air  that  enters  it,  that  air  is  ren- 
dered heavier  than  the  furrounding  air,  and  there- 
fore defeends. 

It  will  be  eafy  for  you  to  make  a few  experi- 
ments on  this  fubjed,  and  thus  render  the  doc- 
trines it  contains  familiar  to  your  minds : for  this 
purpofe  furnifh  yourfelves  with  a number  of  final  1 
representations  of  rooms  ; let  each  of  them  be 
compofed  of  five  panes  of  windowT-gIafs  framed  in 
wood  at  the  corners,  with  proportionable  doors, 
moveable  glafs  chimnies,  and  openings  of  different 
iizes,  and  different  lengths  of  funnel ; the  rooms 
may  be  fo  contrived  as  occasionally  to  communi- 
cate one  with  the  other,  a.nd  thereby  form  different 
combinations  ; fourteen  or  fifteen  pieces  of  green 
wax  taper,  ffuck  together  in  a Square,  would  make  „ 
a ffrong  fire  for  a final  1 glafs  chimney,  and  when 
blown  out  would  continue  to  burn  and  give  fmoke 
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as  long  as  defired.  With  fuch  an  apparatus,  all 
the  operations  on  fmoke  and  rarified  air,  may  be 
made  with  eafe,  and  the  effects  would  be  feen 
through  the  tranfparent  fides. 

From  what  has  been  faid  on  the  methods  of 
curing  fmoky  chimnies,  you  will  fee  the  import- 
ance of  experimenting  in  philofophy  ,*  and  that 
while  we  are  inveftigating  one  fubjedt,  new  light 
is  often  thrown  upon  another.  You  little  thought 
of  the  relation  of  the  experiments  on  rarified  air, 
to  that  of  our  common  fires  : it  is  thus  that  fome- 
thing  unexpected  often  ftarts  up  in  the  courfe  of 
our  inquiries,  and  the  accidental  difeovery  is  often 
of  more  importance  than  the  original  bufinefs  of 
the  refearch.  To  an  attentive  obferver,  fcarce  any 
thing  will pafs  without  it’s  ufe,  and  without  mak- 
ing fome  addition  to  fcience. 

Chimnies  have  not  been  of  long  date  in  Eng- 
land, and  the  fmoke  was  let  through  a hole  in  the 
roof.  There  is  extant  in  the  records  of  one  of 
Queen  Elizabeth’s  parliament,  a motion  made  by 
a member,  reciting,  (f  That  many  dyers,  brewers, 
Cf  fmiths,  and  other  artificers,  had  of  late  taken  to 
cc  the  ufe  of  pit-coal,  for  their  fires,  inftead  of 
wood,  which  filled  the  air  with  noxious  vapours 
" ancl  fmoke,  very  prejudicial  to  the  health,  par- 
ticularly  of  perfons  coming  out  of  the  country; 
,f  and  therefore  moving,  that  a law  might  pafs  to 
" prohibit  the  ufe  of  fuch  fuel,  at  lead:  during  the 
" leffion  of  parliament,  by  thofe  artificers.’^  It 
w as  not  then  ufed  in  private  houfes,  the  umvhole- 
fomenefs  was  the  objection ; fortunately  the  inha- 
bitants got  over  this  objection,  and  now  think  it 
rather  contributes  to  render  the  air  falubrious,  as 
they  have  had  no  general  peftilential  d i ford er  fine e 
t e gencial  ufe  of  coals,  though  before  that  ufe 
they  were  frequent. 
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Of  Condensed  Air. 

^ ou  have  feen,  that  in  a given  quantity,  air 
may  be  expanded  into  a larger  fpace,  or  contracted 
into  a {mailer.  I have  explained  the  nature  of 
the  air-pump,  by  which  it  is  rarihed  and  ex- 
haufted,  and  now  proceed  to  drew  you  that  phi- 
lofophy  has  engines,  not  only  to  ranfy,  but 
alfo  to  condenfe  the  air,  and  thus  increafe  it’s 
fpring  by  artificial  comprefiion. 

This  machine  is  called  a condenfing  engine: 
it  confifts,  i ft.  Of  a fyringe  to  condenfe,  or  rather 
to  throw  frefh  air  into  the  fame  fpace.  2d,  A 
ftrong  receiver  to  hold  this  air.  3d,  A guage  to 
meafure  the  degree  of  comprefiion.  The  receiver 
is  confined  down  to  the  plate  by  fcrews,  that  it 
may  not  be  forced  up,  and  thus  let  the  air  efcape. 
(jig.  i)  pi.  2.) 

As  much  air  is  thrown  into  this  receiver,  at 
every  ftroke  of  the  pifton,as  the  fyringe  will  contain  1 
this  will  be  evident  to  you  when  you  confider  the 
conftrucftion  of  this  fyringe.  When  the  pifton 
(which  is  folid)  is  drawn  from  the  bottom,  it 
(eaves  a vacuum  under  it.;  till  it  gets  beyond  this 
fmall  hole  near  the  top  of  the  barrel,  the  external, 
air  rufhincf  through  that  hole  into  the  barrel  fills  it. 
with  air ; now  the  valve  in  this  fyringe  opening 
downwards,  contrary  to  what  you  obferved  in  the 
air-pump,  when  I pufh  the  pifton  down,  all  the  air 
contained  in  the  barrel  is  forced  into  the  receiver, 
and  cannot  return  ; the  air,  therefore,  therein  is 
comprefled,  and  may  be  thrown  in  till  it  is  ren- 
dered fo  denfe,  and  it’s  fpring  as  great  as  the 
ftrength  of  the  machine  will  bear.  You  may  al- 
ways know  the  degree  of  condenlation  by  the  mer- 
curial guage: — when  the  quiekiilver  has  gone 
through  half  the  fpace  between  it  and  the  end  of 
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the  tube,  the  air  is  of  a double  denfity  ; when  it 
has  pafled  two-thirds  of  the  fpace,  the  air  is  three 
times  denfer,  and  fo  on,  for  the  denfity  of  the  air  is 
always  inverfely  as  the  J 'pace  it  occupies.  As  the 
quantities  forced  in  by  each  ftroke  of  the  pifton 
are  equal,  the  quantities  in  the  barrel,  and  confe- 
quently  the  degrees  of  condenfation,  increafe  in  an 
arithmetical  progrellion.  If  the  receiver  be  not 
made  very  ftrong,  it  would  be  foon  torn  afunder 
by  the  air’s  elaftic  force,  which  we  have  already 
fhewn  you  to  be  as  the  comprefling  force. 

Mr.  Boyle  has  left  us  a great  number  of  ex- 
periments made  with  a condenhng  engine,  which 
lhew  that  animals  may  be  killed  by  too  great  a 
condeniation  of  air ; that  when  condenfed  to  a 
moderate  degree,  he  found  them  to  live  longer 
therein  than  in  common  air  ; that  it  fcarcely  af- 
fected infedts  and  frogs  ; that  mouldinefs  was 
promoted  nearly  in  proportion  to  the  degree  of 
condenfation;  and  that  vegetation  was  not  injured 
thereby. 

If  the  air  be  exhaufted  from  two  hemif- 
pheres, of  three  inches  and  a half  diameter,  it 
will  require  a force  equal  to  about  one  hundred  and 
forty  pounds  to  feparate  them.  But  if  the  fame 
hemifpheres  be  placed  under  the  receiver  of  the  air- 
pump,  without  exhaufting  the  air  from  them,  and 
fo  much  air  be  thrown  into  the  receiver  as  to  ren- 
der it  double  the  denfity  of  the  external  air,  it  will 
require  the  fame  weight  to  feparate  them ; a fur- 
ther proof  of  the  atmofpheric  preffure.  But  if  the 
hemifpheres  were  exhaufted  before  they  are  put 
under  the  receiver  of  the  condenhng  engine,  and 
then  the  air  is  doubled  in  denfity,  it  will  re- 
quire a weight  of  two  hundred  and  eighty  pounds, 
to  feparate  them ; fo  that  a double  atmofpherc 
has  the  fame  advantage  over  a fingle  one,  that  the 
i ingle  one  has  over  a vacuum. 
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The  found  of  a bell  is  much  louder  in  con- 
denfed  than  in  common  air. 

A round  phial,  that  would  bear  the  preffure 
of  the  atmofphere,  may  be  broken  by  condenfed 
air,  the  air  being  exhaufted  from  the  infide. 

A bladder  that  will  not  break  with  the  na- 
tural fpring  of  the  air,  will  foon  be  burft  by  the 
increafed  elafticity  of  condenfed  air.  Indeed  the 
force  of  condenfed  air  may  be  increafed  fo  as  to 
counteract  the  greateft  powers  we  can  apply  againft 
it;  and  as  the  air  from  it’s  fituation  muft  be  greatly 
condenfed  in  the  lower  parts  of  the  earth,  with 
the  application  of  heat,  it  may  have  the  moft  pro- 
digious effects,  producing  convulfions  in  the  body 
of  the  earth,  and  even  a difruption  of  the  parts 
extending  to  the  furface. 

To  this  fufceptiblity  of  the  air,  of  being  con- 
denfed, and  of  it’s  furprifing  expanjive  force  when 
this  prelfure  is  taken  off,  we  are  indebted  for  the 
wind-gun,  where,  by  great  condenfation,  the  air 
gives  motion  to  leaden  bullets,  after  the  manner  of 
gunpowder.  In  the  prefent  mode  of  making  them, 
a hollow  ball  is  affixed  to  the  breach  of  the  gun, 
this  holds  the  condenfed  air,  which  is  prevented 
from  entering  by  a valve,  which  valve  is  governed 
by  a fpring.  On  difcharging  the  cock  the  valve 
opens,  but  clofes  almoff  inffantaneoufly,  by  means 
of  a fpring.  The  air  that  efcapes  forces  out  the 
ball  with  fuch  violence,  that  it  will  be  driven  to 
the  diffance  of  60  or  70  yards,  or  even  further. 
Several  fhot  may  be  difcharged  without  throwing 
frefh  air  into  the  condenling  ball ; but  the  force, 
as  you  may  infer  from  what  has  been  already 
explained,  leffens  at  every  difcharge,  the  fluid 
being  lefs  compreffed,  and  it’s  elafticity  of  courfe 
weaker. 

I fhall  now  fhew  you  how  condenfed  air,  by 

it’s 
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it's  prelTure  on  the  furface  of  water,  will  give  mo- 
tion to  it,  and  produce  a plealing  artificial  foun- 
tain, (jig:.  13,  pi.  3.)  This  fountain  confifis  of  a 
flrong  copper  vefiel,  which  is  to  be  filled  partly 
with  water,  partly  with  air ; this  pipe  is  long 
enough  to  reach  nearly  the  bottom  of  the  copper 
velTel : at  the  upper  end  of  the  pipe  is  a Hop-cock. 

I fill  the  veil'd  about  two-thirds  with  water,  and 
then  ferew  in  the  pipe;  the  junction  is  you  fee 
made  air-tight,  by  means  of  an  oiled  leather ; the 
air  contained  between  the  furface  of  the  water  and 
the  top  of  the  fountain,  is  at  prefent  of  the  fame 
denfity  with  that  of  the  atmofphere.  I ferew  the 
condenfing  fyringe  to  the  upper  part  of  the  Hop- 
cock,  and  by  it  throw  air  into  the  vdfel,  which,  as 
it  cannot  return,  forces  it's  way  through  the  water 
into  the  upper  part  of  the  fountain,  and  there  re- 
mains in  a ftate  of  greater  condensation  than  the  * 
outward  air.  Having  thrown  in  as  much  as  I 
think  neccflary,  I turn  the  Hop-cock,  unferew  the 
fyringe,  and  ferew  in  it’s  place  a jet  or  pipe,  with 
a final  1 aperture  at  top.  1 now  turn  the  Hop-cock 
again,  to  open  the  communication  between  the 
external  air  and  pipe,  and  the  water  is  immediate- 
ly thrown  up  a confiderable  height  by  the  prelfure 
©1  the  included  air  ; the  force  with  which  it  is 
thrown  upwards  is  as  the  excefs  of  the  preifure  of 
the  included  air  above  the  external  air ; and  as  the 
prelfure  of  the  atmofphere  is  equal  to  a column  of 
water  thirty-three  feet  in  height,  if  the  included 
air  is  thrice  as  denfe  as  the  external,  the  height  of 
the  jet  will  be  fixty-lix  feet  ; but  in  proportion  as 
the  quantity  of  water  in  the  fountain  is  lelfened, 
the  air  has  more  room  to  expand,  it’s  elaHicity  is 
diminilhed,  and  it  ads  with  lefs  force  upon  "the 
water. 

To  render  this  experiment  more  entertaining, 
the  fountain  is  furnilhed  with  a variety  of  curious 

G 4 jets. 
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jets,  which  may  be  fcrewed  in  the  place  of  that 
which  is  now  at  the  top  of  the  fountain. 

Here  is  one  that  throws  up  a cork  ball,  which 
will  fometimes  remain  fufpended  on  the  top  of  the 
water  ; it  will  often  revolve  on  it’s  center,  fall  and 
rife  again,  fpreading  the  water  all  around. 

Another  jet  is  made  of  a hollow  brafs  globe, 
pierced  with  a number  of  fmall  holes  tending  to 
the  center  ; the  water  rufhing  through  thefe,  with 
the  directions  in  which  the  holes  are  made,  forms 
a very  plealing  fphere  of  water. 

Among  the  variety  of  jets,  fome  forming  cas- 
cades, revolving  jets,  &c.  &c.  there  is  none  more 
finking,  or  more  pleafmg  than  one  in  the  form  of 
a crofs,  in  which  the  jets  are  fo  accurately  at  right 
angles  to  each  other  as  to  meet  in  that  direction, 
which  then  changes,  and  takes  another  nearly  in- 
termediate with  the  former  diredlion  ; illuflrating 
very  pleafingly  the  doctrine  of  compofition  and  re- 
folution  of  forces,  in  which  you  will  be  inftructed 
in  our  mechanical  lectures. 

The  condenfing  fountain  and  it’s  jets  are  re- 
prefented  at  jig.  12,  13,  14,  15,  16,  17,  18,  19. 

pi.  3* 

It  will  not  be  improper,  before  we  proceed 
further,  to  recapitulate  to  you  the  laws  I have  ex- 
plained concerning  the  elafticity  of  atmofpheric 
air.  1 ft,  I have  fhewn  you  that  air  may  be  con- 
denfed  by  preffure,  and  that  the  fpace  into  which 
it  is  contradled  is  in  the  inverfe  ratio  of  the  pref- 
fure ; thus,  if  one  pound  weight  contradls  a quails 
tity  of  air,  which  in  a natural  ftate  occupies  the 
fpace  of  twelve  cubic  inches,  into  a fpace  equal  to 
fix  cubic  inches,  two  pounds  will  reduce  it  into 
three  cubic  inches,  three  pounds  into  two  cubic 
inches,  &c.  No  experiments,  that  have  been  hi- 
therto made,  fhew  the  ultimate  limits  of  this  con- 
(ienfation  ■>  for  after  being  compreifed,  as  much  as 


Nature  and  Properties  of  Air. 

the  inftruments  made  for  that  purpofe,  would 
bear,  it  Pill  Teemed  capable  of  much  greater  com- 
preffion,  by  the  application  of  a greater  force. 
Neither  preffure , nor  cold , nor  any  other  means, 
have  yet  exhibited  air  as  a j olid :,  or  even  rendered 
it  a vifible  fluid. 

2d,  You  have  alfo  feen  that  as  air  is  con- 
tracted into  a fmaller  lpace  by  preffure,  fo  it  ex- 
pands into  a greater  fpace  when  the  preffure  that 
confines  it  is  removed.  The  limits  of  this  expan- 
lion are  not  known,  nor  are  there  any  experiments 
to  {hew,  that  when  air  has  attained  a certain  ex- 
panfion,  it  is  not  capable  of  a greater. 

3d,  The  elafticity  of  the  air  does  not  feem  to 
be  impaired  by  a long  and  continued  preffure,  fo 
that  if  a given  quantity  of  air  is  kept  fora  long 
time  highly  comprelled  or  very  much  rarified,  it 
will  always  return  to  the  fame  given  quantity, 
when  put  into  the  fame  circumffances  that  it  was 

in  before  the  condenfation  or  rarifaClion. 

/ 

4th,  Air  is  rarified  by  heat,  and  contracted  by 
cold.  * 

5th,  The  wxight  of  the  atmofphere  is  conti- 
nually changing,  fo  that  if  at  one  time  it  forms  a 
counterpoize  to  a column  of  quickfilver  of  thirty 
inches,  at  another  time  it  will  fupport  a longer  co- 
lumn, and  at  others  one  not  fo  long. 

I may  nowr  proceed  to  explain  to  you  a few 
more  of  thofe  machines  which  depend  on  the 
fpring  and  weight  of  air : among  thefe  there  are 
none  fo  neceffary  for  you  to  be  well  acquainted 

with 

* Colonel  Roy  concludes  from  his  experiments  (Phil.  Trank. 
* 7?7>  P*  7°4d  that  fixty-fix  degrees  of  Fareinheit’s  thermometer 
dilates  the  air  2.58090  thoufandths  parts  of  it’s  bulk.  M.  de 
Sauflurc  makes  the  fame  degree  only  dilate  it  1.88615.  M.  de 
SauiTure  attributes  this  enormous  difference  in  their  refultsto  the 
difference  of  capacities  of  the  veffels  in  which  the  experiments 
Were  made. 
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with  as  the  different  kinds  of  pumps.  They  are 
generally  divided  into  two  kinds:  ift,  The  com- 
mon, or  as  it  is  often  improperly  called,  the 
fucking-pump.  2d,  The  forcing-pump. 

Of  the  Common  or 'House-Pump. 

This  is  faid  to  have  been  invented  by  Ctefebes, 
a mathematician,  about  120  years  before  Chrift. 
The  operation  of  this  pump  depends  on  the  pref- 
igure of  the  atmofphere  ; which  being  equivalent 
to  30  inches  of  mercury,  or  34  feet  of  water  on  a 
given  furface,  it  is  plain  that  water  cannot  be 
raifed  by  this  fpecies  of  pump,  to  an  altitude 
greater  than  that  of  about  34  feet : this  height 
varies,  being  a little  greater  or  lefs,  on  account  of 
the  differences  in  the  weight  of  the  atmofphere. 
It  is  feldom,  however,  applied  to  railing  water 
above  28  feet,  left  the  pump  fhould  fail  in  it’s 
performance.  Here  is  a model  of  the  common 
pump  in  glafs,  (fig.  22,  pi.  1,)  that  you  may  fee 
the  action  of  the  pifton  and  the  motion  of  the 
valves.  It  confifts  of  a pipe  open  at  both  ends : 
this  part  which  is  larger  than  the  other  is  called 
the  body  of  the  pump  ; in  this  there  is  a moveable 
pifton  : the  pifton  you  fee  fits  fo  exactly  to  that 
part  of  the  pipe  wherein  it  works,  that  it  does  not 
let  any  air  pafs  between  it  and  the  pipe.  The 
lowreft  point  to  which  the  pifton  can  be  depreffed, 
and  the  higheft  point  to  wrhich  it  can  be  raifed,  is 
called  the  Jiroke  of  the  pifton. 

Here  are  alfo  two  valves,  both  opening  up- 
wards ; the  one  i'll  the  lower  part  of  the  pump, 
the  other  at  the  upper  part  of  the  pifton.  I put 
the  bottom  of  the  pipe  in  water,  and  thruft  the 
pifton  to  the  bottom  of  the  barrel  or  body  of  the 
pump,  pouring  fome  water  on  it  to  keep  the  pifton 
tight.  I raife  up  the  pifton,  which  leaves  a va- 
cuum in  the  barrel,  into  which  the  air  in  the 

lower 
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lower  part  of  the  pipe  will  expand ; the  air  in  the 
pipe  being  thus  ratified,  and  it’s  fpring  weakened 
by  the  expanlion,  it  prelles  lefs  upon  the  furface  oi 
the  water  in  the  pipe,  than  the  atmofphere  does 
on  the  furrounding  water;  confequently  the  water 
will  rife  in  the  tube  till  the  air  within  is  as  denfe 
as  that  without,  and  thus  reft  between  two  equal 
preffures.  I then  deprefs  the  pifton,  but  the 
valve  which  opened  to  let  the  air  come  out  of  the 
pipe,  will  permit  none  to  go  back  again;  it  there- 
fore forces  it’s  way  through  the  valve  in  the  pifton, 
and  mixes  with  the  common  air.  After  a few 
ftrokes  the  whole  of  the  air  is  extrabfed,  and  then 
the  w ater  rifes  through  the  valve,  and  is  difeharged 
by  the  pifton : the  water  will  now  continue  to  run 
out  of  the  fpout  as  long  as  I continue  to  work  the 
pump.  You  fee  that  every  time  the  pifton  is 
lifted  up,  the  lower  valve  opens,  and  the  upper 
one  clofes ; but  on  deprefling  the  pifton  the  lowTer 
valve  clofes,  and  the  upper  one  opens ; it  is  by 
this  ftmple  mechanifm  that  we  fo  eafily  raife 
water,  and  avail  ourfelves  of  the  preffure  of  the 
atmofphere  ; the  pifton  in  rifing,  lifting  tip  all 
the  water  above  it  and  difeharging  it,  and  while 
it  rifes,  more  water  paffes  through  the  lower  valve 
to  be  lifted  up  at  the  next  ftroke  of  the  pifton. 

Though  the  preffure  of  the  atmofphere  will 
not  raife  w ater  higher  than  34  feet ; yet  when  the 
water  has  once  got  above  the  pifton,  it  may  be 
lifted  thereby  to  any  height,  if  the  pifton-rod  be 
made  long  enough,  and  a fufficient  degree  of  power 
or  ftrength  be  employed  to  raife  it  with  the  weight 
of  water  above  the  pifton. 

If  a pump  admits  or  takes  air  at  the  lowrer 
valve,  the  water  w ill  fall  dowm  into  the  refervoir, 
for  the  fame  reafon  that  the  mercury  would  fall 
out  of  the  tube  of  a barometer,  if  the  air  wTas  let 
into  the  top  of  the  tube.  If  the  water  has  been 

out 
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out  of  a pump  for  forne  time,  the  leathers  of  the 
valves  grow  dry,  and  will  neither  open  nor  fhut 
freely  ; the  leather  round  the  pifton  grows  dry 
alfo,  and  will  not  then  fill  exadtly  the  cavity  of  the 
barrel.  The  mode  ufed  to  fetch  the  water  again , 
as  it  is  called,  is  by  pouring  a pail-full  of  water 
down  the  pump,  to  moiften  the  valves,  and  make 
them  fhut  and  open  freely,  and  fvvell  the  leather 
round  the  pifton,  fo  that  it  may  fill  the  cavity  of 
the  barrel  ; when  this  is  done,  the  pump  will  work 
as  well  as  before. 

The  force  required  to  work  a pump,  is  as  the 
height  to  which  the  water  is  raifed,  and  the  fquare 
of  the  diameter  of  the  barrel  in  which  the  pifton 
works. 

Confequently,  if  there  be  two  pumps  of  equal 
heights,  but  the  diameter  of  the  one  twice  as  large 
as  that  of  the  other,  the  largeft  will  raife  four  times 
more  water  than  the  fmaller  one,  and  will  require 
four  times  as  much  ftrength  to  work  it. 

The  diameter  of  the  pump  in  any  other  part 
but  where  the  pifton  works,  does  not  increafe  or 
diminifh  the  difficulty  of  working  it,  except  fome 
difference  occafioned  by  friction,  which  is  more 
in  a narrow  bore  than  a wide  one.  The  handle 
adts  as  a lever,  to  give  an  advantage  to  thofe  who 
work  the  pump. 

The  longer  ftroke  the  pump  makes,  the  more 
water  it  raifes  with  the  fame  power,  lefs  water 
being  loft  by  the  {hutting  of  the  valve. 

Here  it  may  be  neceflary  to  obferve,  that 
though  the  preffure  of  the  air  on  the  water  in  the 
well,  &c.  will  raife  this  water,  yet  this  affiftance  is 
counterballanced  by  the  weight  of  the  atmofphere 
on  the  water  thus  raifed  on  the  pifton  ; fo  that  the 
advantage  obtained  by  this  engine,  is  that  of  put- 
ting things  into  a more  convenient  and  manageable 
form,  and  it  will  be  well  worth  your  while  to  re- 
member 
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member  this  circumftance,  as  you  will  find  it  take 
place  in  almoft  every  other  piece  of  mechanifm. 

Of  the  Forcing  Pump; 

Or  that  kind  which  raijes  water  by  the  force  of 

condenfed  air . 

Of  this  kind  here  isalfo  a model,  (fig.'ll, -pi.  i,) 
by  which  you  fee,  that  the  pipe  and  body,  or  barrel 
of  the  pump,  is  the  fame  as  the  preceding  one, 
but  that  there  is  no  valve  in  the  pifton : at  the 
bottom  of  the  barrel  there  is  a fmall  tube  placed 
at  right  angles  to  the  barrel  of  the  pump  ; to  the 
other  end  of  this  tube  is  cemented  a ciftern,  into 
which  the  water  is  to  be  forced ; from  the  top  of 
the  ciftern  there  is  a tube  which  goes  nearly  to  the 
bottom  thereof.  You  obferve  alfo  two  valves,  one 
fixed  near  the  bottom  of  the  barrel,  the  other  in. 
the  fmall  tube  or  forcing-pipe.  This  pump  acts 
in  the  firft  place  by  the  atmofpheric  preffure,  as 
the  preceding ; and  then  by  forcing  the  water  into 
this  ciftern,  the  air  in  which  being  condenfed,  will 
prefs  upon  the  water,  and  throw  it  up  a confider- 
able  height,  in  the  fame  manner  you  faw  it  act  in 
the  condenfing  fountain. 

I fhall  now  work  it  to  fhew  you  the  effect  : 
when  I lift  up  the  pifton,  the  air  between  that  and 
the  water  below  having  room,  dilates  itfelf,  and 
prelfes  lefs  ftrongly  on  the  water,  and  a few  ftrokes 
will  foon  bring  the  water  above  the  valve  in  the 
barrel.  When  the  pifton  defeends,  as  the  water 
cannot  pafs  through  it,  nor  back  again  into  the 
lower  part  of  the  pump,  it  is  forced  through  the 
bent  pipe  and  valve  into  the  refervoir  or  air-vefiel; 
the  moment  I raife  the  pifton  again,  this  valve  you 
fee  fhuts,  and  prevents  the  water  in  the  air-veflel 
from  returning. 

Thus  being  by  repeated  ftrokes  forced  into 
the  air-veftel,  it  gets  above  the  lower  end  of  this 

pipe. 
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pipe,  and  then  begins  to  condenfe  or  crowd  the  air 
into  a fmaller  fpace  ; for  as  the  fmall  pipe  is  fixed 
fo  as  to  be  air-tight  at  the  top  of  the  refervoir, 
and  the  air  has  no  way  of  efcaping  but  through  it, 
that  way  is  cut  off  when  the  end  thereof  is  covered 
with  water;  the  air  is  more  and  more  condenfed 
as  the  water  rifes,  fo  much  fo,  that  you  fee  by  it’s 
prelfure  on  the  furface  of  the  water  it  forces  it 
through  the  pipe  in  a jet  to  a confiderable  height, 
while  I fupply  it  with  water,  by  continually  work- 
ing the  pifton : the  higher  the  furface  of  the  water 
is  raifed  in  the  air-veflel,  the  fmaller  you  fee  is  the 
fpace  into  which  the  air  is  condenfed,  and  the 
more  powerful  it’s  action  on  the  water,  which  it 
drives  with  greater  force  through  the  pipe;  and  as 
the  fpring  of  the  air  remains  and  ads  while  I am 
railing  the  pilfon,  the  ftream  continues  uniform  as 
long  as  I work  the  pump. 

Water  may  be  raifed  by  a forcing-pump  to 
any  height  above  the  level  of  a river  or  fpring, 
and  machines  may  be  contrived  to  work  thefe 
pumps,  either  by  a running  ftream,  a fall  of  water, 
by  horfes,  or  by  fteam. 

The  water-works  at  London-bridge  exhibit  a 
moft  curious  engine  of  this  kind  : the  wheel-work 
is  fo  contrived  as  to  move  either  way  as  the  water 
runs  ; the  engines  are  faid  to  raife  above  140,000 
hogfheads  of  water  each  day. 

The  engine  ufed  for  extinguifhing  fires,  ads 
as  a common  and  forcing-pump,  and  raifes  water, 
as  you  have  feen,  to  great  heights,  and  with  conli- 
derable  velocity. 

Of  the  Syphon. 

This,  though  a fmall  inftrument,  muft  not  be 
negleded  : it  confifts  you  fee  ot  a bent  tube,  one 
end  of  which  is  longer  than  the  other.  I immerge 

the  fhortcr  leg  into  this  veftel  ol  water  ; I now 

a draw 
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draw  the  air  out  of  this  tube  by  my  mouth,  and 
you  fee  that  as  foon  as  the  air  is  drawn  out  of  the 
tube,  the  prelfure  thereof  on  the  water  in  the 
veflel  will  force  it  up  the  lliorter  leg,  over  the 
bend,  and  down  the  other ; and  when  I take  my 
mouth  away  from  the  longer  leg,  it  will  begin  to 
run  out,  and  continue  running  till  it  is  below  the 
aperture  of  the  lliorter  leg.  The  water  is  raifed 
in  the  lower  leg  by  the  prelTure  of  the  air,  and  if 
the  legs  of  the  fyphon  were  equal,  it  would  not 
run  out,  as  there  would  be  an  equal  prelTure  on 
both  ends,  one  counteracting  the  other ; but  when 
one  leg  is  longer  than  the  other,  the  water  begins 
running  from  the  excefs  of  it’s  weight,  and  the 
continuation  of  the  motion  probably  arifes  from 
the  nature  of  a fluid  fubffance ; or  as  the  prepon- 
derating weight  in  the  longer  leg  renders  the 
prelTure  of  the  air  on  that  leg  lefs  effectual  than 
on  the  other,  the  water  neceffarily  moves  to  that 
part  where  there  is  lefs  prelTure. 

The  fyphon  may  be  difguifed  fo  as  to  produce 
a great  many  entertaining  and  apparently  fur- 
priling  effects.  Thus  it  may  be  concealed  in  a 
cup,  (fig.  20,  pi.  3,)  which  will  hold  the  liquor 
contained  in  it  till  it  has  attained  a certain  height, 
when  it  will  begin  to  run  out,  and  continue  fo 
to  do  till  the  velfel  is  emptied.  Here  is  a cup 
with  a figure  Handing  in  the  center ; I pour  water 
into  the  cup,  and  you  fee  it  remains  there : it  has 
now  nearly  reached  the  lips  of  the  figure,  and  the 
l'yphon  contained  therein  begins  to  ad: ; the  water 
riles  in  the  Ihorter  leg  by  it’s  natural  prelTure  as 
high  as  it’s  own  level  : when  it  has  got  beyond 
the  bend  of  the  fyphon,  it  is  drawrn  awray  by  the 
longer  leg.  There  are  many  artful  wrays  of  con- 
cealing the  fyphon,  and  rendering  it’s  effeds  more 
ffrange  and  amuling ; fometimes  the  fyphon  is 
concealed  in  the  handle.  This  cup  is  generally 

called 
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called  Tantalus’s  cup,  from  the  fable  of  Tantalus, 
thus  deferibed  by  I lomer: 

There  Tantalus  along  the  Stygian  bounds. 

Pours  out  deep  groans!  (with  groans  all  hell 
abounds) 

E’en  in  the  circling  floods  refrefhment  craves. 
And  pines  with  third  amidd  a fea  of  waves  ; 
And  when  the  water  to  his  lips  applies. 

Back  from  his  lips  the  treacherous  water  flies. 
Above,  beneath,  around  his  haplefs  head. 

Trees  of  all  kinds  delicious  fruitage  fpread. 
There  figs,  high-dyed,  a purple  hue  difclofe ; 
Green  looks  the  olive,  the  pomegranate  glows  : 
There  dangling  pears  exalted  feents  unfold. 

And  yellow  apples  ripen  into  gold. 

The  fruit  he  drives  to  feize,  but  blads  a rife, 
Tofs  it  on  high,  and  whirl  it  to  the  fkies. 

The  fyphon  affords  a very  probable  dilution 
of  the  nature  of  intermitting  firings , which  I mud 
illudrate  by  a diagram.  Let  HHKB,  (fig.  2, 
pi.  4,)  reprefent  a cavity  in  the  bowels  of  a moun- 
tain, from  the  bottom  of  which  proceeds  the 
irregular  cavity  B D E 1',  forming  a fyphon.  Now, 
if  by  means  of  rain,  fprings,  or  any  other  caufe, 
this  cavity  begins  to  fill,  the  water  will  at  the 
fame  time  rife  in  the  leg  of  the  fyphon  or  cavity, 
till  it  has  attained  the  horizontal  level,  when  it 
will  begin  to  flow  out  by  means  of  the  leg  D E T, 
and  will  continue  to  rife  and  increafe  in  the  quan- 
tity difeharged,  as  the  w ater  rifes  higher,  till  at 
length  the  fyphon  will  pour  out  a full  dream,  and 
thus  empty  the  cavity.  The  dream  will  now 
ceafc  till  the  cavity  fills  again,  w?hcn  it  will  ex- 
hibit the  fame  appearance  ; and  thefe  periodical 
returns  of  flood  and  celfation  w ill  be  regular,  if 
the  Idling  of  the  cavity  be  fo ; but  the  intervals 
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of  the  return  mud  depend  on  the  dimenfions  of 
the  cavity,  and  many  other  circumdances. 

Many  indances  of  this  kind  occur  in  nature. 
At  Gravefend  there  is  faid  to  be  a pond,  out  of 
which  the  water  ebbs  all  the  time  the  tide  is  com- 
ing into  the  adjacent  river,  and  flows  during  the 
time  that  the  tide  is  going  out.  This  appearance 
probably  arifes  from  a fubterraneous  refervoir* 
equal  in  capacity  to  the  quantity  of  water  that 
rifes  and  falls  in  the  pond  : between  this  refervoir 
and  the  pond  there  may  be  a natural  fyphon,  by 
which  they  communicate  with  each  other,  and  adt 
as  we  have  already  explained ; and  a fecond  na- 
tural fyphon  may,  in  the  fame  manner,  convey  the 
water  aw  ay  from  the  pond,  when  it  is  filled  to  a 
certain  height. 

At  Lambourn,  in  Worcefterfhire,  there  is  a 
brook  which  in  fummer-time  receives  a flow  of 
water  fufficient  to  turn  a mill,  but  in  winter  it 
runs  a very  inconfiderable  dream.  It  is  probably 
occadoned  by  a large  fubterraneous  refervoir,  filled 
to  a certain  height  by  the  winter  rains,  fnows,  &c, 
and  that  then  a natural  fyphon  takes  effedt,  and 
brings  away  the  w7ater  in  a dream  equal  to  it’s 
bore,  till  it  has  emptied  the  refervoir  as  far  as  it’s 
adtion  reaches. 

This  is  illudrated  by  this  apparatus,  (jig*  4, 
p/.  3.)  Ihe  upper  box  (A)  is  filled  with  water  j 
a final  1 pipe  carries  water  from  this  box  to  the 
lpring  at  G,  where  it  will  run  off  condantly* 
Another  final  1 pipe  (D)  carries  water  from  the 
upper  box  to  the  under  one  (B)  or  well,  from 
which  a fyphon  proceeds  that  joins  with  the  for- 
mer pipe : the  bore  of  the  fyphon  is  larger  than 
the  bore  of  the  feeding  pipe  (D};  as  the  water 
from  this  pipe  rifes  in  the  well  B,  it  will  alfo  rife 
as  high  in  the  fyphon  E e F;  and  when  the  fyphon 
is  full  to  the  top  (ej  the  water  will  run  over  the 
VoL-  L H bend 
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bend  and  so  off  at  the  mouth,  and  will  make  & 
great  lire  am  at  the  fpring,  and  that  ftream  will 
continue  till  the  fyphon  has  carried  off  all  the 
water  from  the  well * the  fyphon  carrying  off  the 
water  fafter  than  the  pipe  brings  water  to  it ; and 
then  the  fwell  will  ceafe,  and  only  the  water  from 
the  final  1 pipe  will  run  off,  till  the  pipe  fills 
the  w ell  again*  when  the  operation  will  recom- 


mence. 

A very  elegant  writer.  On  the  Sublime  and 
Bcautifuly  concludes  his  account  of  the  paffions- 
thus  : <r  The  more  accurately  we  fearch  into  the 
human  mind,  the  ffronger  traces  we  every  where 
find  of  bis  wifdom  who  made  it.  If  a chfcourfe 
on  the  parts  of  the  human  body  may  be  conli- 
dered  as  a hymn  to  the  Creator,  the  ufe  of  the 
pa  hi  on  s,-  which  are  the  organs  of  the  mind,  can- 
not be  barren  of  praife  to  him,  nor  unproductive 
to  ourfelves  of  that  noble  and  uncommon  union 
©f  lcience  and  admiration,,  which  a contemplation 
of  the  work  of  infinite  wifdom  alone  can  afford 
a rational  mind-,  while  referring  to  him  whatever 
we  find  of  right,  or  good*  or  fair  in  ourfelves* 
discovering  his  ffrength  and  wifdom  even  in  our 
own  weak  nets  and  impcrfcCt  ion,  honouring  them 
where  w e difeover  them  clearly,  and  adoring  their 
profundity,  where  we  are  toil  in  our  fearch  : wc 
may  thus  be  inquifitive  w ithout  impertinence,  and 
elevated  without  pijide..  We  may  be  admitted, 
if  I dare  fay  fo,  into  the  counfcls  oi  the  Almighty*, 
by  a consideration  of  his  works.  This  elevation 
of  mind  ought  to  be  the  principal  end  of  all  our 
Undies,  which,  it  they  do  not  in  iome  meafurc- 
efftfCl,  are  of  very  little  fervice  to  us.” 

With  this  view  thefe  Lectures  were  written  : 
to  open  and  exalt  your  minds,  by  giving  you  juft 
views  of  the  nature  of  your  lituation,  both  with 
refpeCt  to  this  world  and  that  which  is  to  corner 

and 
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and  that  while  I was  enlightening  your  under- 
fkindings,  and  difplaying  the  beauties  and  glories 
with  which  you  are  environed,  I might  alfo  incline 
your  wills  to  the  purfuit  and  practice  of  goodnefs, 
render  you  friends  to  religion,  and  lead  you  to  love 
it’s  principles,  adore  it’s  author,  and  praftife  it’s 
precepts. 

While  you  are  taking  leffons  from  Nature,  and 
examining  the  wonderful  and  variegated  pheno- 
mena die  prefents  to  your  eyes,  {hall  we  negledt 
to  fliew  that  fhe  continually  leads  to  the  true , the 
beautiful , and  the  good — to  the  fupreme  Being,  the 
fource  ot  all  truth,  the  fountain  of  ail  good. 

Wife  and  good  men  have  always  admitted  the 
alliance  between  philofophy  and  divinity,  and 
have  pronounced  that  nature  was  but  half-ftudied, 
till  it  enabled  us  to  contemplate  the  great  objects 
oi  religion  with  fuperior  light. 

But,  as  paradoxical  writers  have  affirmed, 
that  infidelity  would  gain  ground  as  philofophy 
advanced ; and  as  we  have  feen  Voltaire  turn  the 
little  philofophy  he  was  mafter  of  to  the  difad  - 
vantage  of  religion,  and  endeavour,  from  his  mole- 
hill of  fcience,  to  difcredit  Chriftian  truth,  and 
bring  faith  and  virtue  into  contempt,  it  is  ne- 
cefiary  to  fliew,  that  from  true  philofophy  and  a 
right  ufe  of  reafon  our  religion  has  nothing  to 
apprehend ; that  the  more  carefully  and  candidly 
they  are  ftudied,  the  more  confpicuous  will  it’s 
truth  and  beauty  appear;  and  that  no  man  can  be 
made  averle  to  the  word  of  God,  by  admiring  his 
Works,  or  raife  objections  againft  his  truth,  from 
the  ftudy  ot  his  power  and  wifdom. 

Religion  ever  had,  and  always  muft  have,  the 
character  of  it  s author  vifibly  ftamped  upon  it ; 
and  nothing  can  be  found  therein  that  is  not  infi- 
nitely kind  and  infinitely  wife.  The  great  aim  of 
God  in  eftabli filing  it  is,  to  advance  the  happinefs 
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of  man,  and  to  advance  it  in  a method  confonant 
to  thofe  principles  he  has  implanted  in  him. 

Let  no  one  then  perfuade  you  that  an  at- 
tention to  the  duties  of  religion  is  a fign  of  a poor 
and  mean  fpirit,  and  fit  only  for  the  ignorant  and 
fuperFitious.  For  religion,  which  is  the  habitual 
exercife  of  your  belt  affedtions  towards  God,  and 
towards  man  for  his  fake,  is  the  nobleft  difpofition 
of  the  greateft  and  the  nobleft  minds , the  foundation, 
of  all  wifdom,  the  path  to  every  thing  defirable 
and  good.  And  thofe  who  conceive  it  receives 
any  advantage  from  ignorance,  are  neither  ac- 
quainted with  the  nature  of  religion,  the  nature 
of  God,  nor  the  principles  of  their  own  nature  : 
for  happinefsy  which  we  are  all  in  fearch  of,  con- 
iifis  in  a certain  ft  ate  or  habit , and  in  a certain 
aft'eciion  and  difpofition  of  the  foul ; and  whatever 
places  the  foul  in  this  Fate,  or  produces  this  habit; 
whatever  contributes  to  bring  it  into  this  Fate,  or 
to  maintain  it  therein  ; whatever  difpofes  the  foul 
to  acquire  this  habit,  or  advance  it’s  progrefs  to- 
wards it ; every  fuch  thing  is  to  be  ranked  in  the 
number  of  a man's  great  eft  goods.  Now,  it  is 
felf-evident,  that  nothing  but  the  cultivation  and 
practice  of  every  religious  virtue  can  put  you 
in  pofieffion  of  this  Fate,  and  render  you  truly 
happy. 

You  will  find  no  objedt  fo  worthy  of  your 
utmoF  attention  as  your  Creator ; nothing  that 
will  advance  your  attainment  of  this  glorious 
knowledge  fo  much  as  a Fudy  of  yourfelf  by  the 
light  of  revelation.  Wifdom  and  happinefs  are 
one,  to  be  truly  wife  is  to  be  really  happy : to  be 
really  happy,  you  muF  unite  the  love  of  God  and 
man. 

“ The  greateF  men  of  the  heathen  world,  Plato, 
Pythagoras,  Socrates,  Epidtetus,  Marcus  Antoninus, 
owed  all  their  greatnefs  to  a fpirit  of  devotion. 

They 
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They  were  full  of  God.  Their  wifdom  and  deep 
contemplations  only  tended  to  deliver  men  from 
the  vanity  of  the  world,  the  flavery  of  bodily  pal- 
fions,  that  they  might  adt  as  fpirits  that  came  from 
God,  and  were  to  return  to  him. 

“ There  is  nothing,  therefore,  that  will  raife 
you  fo  much  above  vulgar  minds,  nothing  that  can 
render  you  truly  wife,  great , and  noble > but 
rightly  to  know  and  worfhip  your  God  and  Sa- 
viour, who  is  the  fupport  and  life  of  all  fpirits, 
whether  in  heaven  or  on  earth.” 

Believe  not  thofe  who  deferibe  religion  as 
fevere,  paint  her  afpedt  as  forbidding,  or  repre- 
fent  her  determinations  as  gloomy.  She  incul- 
cates no  fe verity  of  manners ; meeknefs  and  hu- 
mility are  her  fundamental  graces  : fhe  grants  you 
without  reftraint  every  rational  pleafure,  every 
enjoyment  that  can  be  productive  of  good  to 
others,  or  that  you  can  look  back  upon  with  fa- 
tisfadtion  yourfelves.  She  denies  you  only  what 
would  be  detrimental  to  fociety,  and  would  entail 
pain,  mifery,  or  difeafe  on  yourfelves. 

The  means  of  happinefs  are  placed  in  all 
our  hands,  but  religion  alone  can  enable  you  to 
ufe  them  properly.  She  is  to  the  mind  what  health 
is  to  the  body ; not  only  the  firft  and  greateft  of 
all  pleafures,  but  the  only  medium  through  which 
others  can  be  enjoyed.  Her  pleafures  are  deeply 
rooted  in  the  heart,  founded  on  the  reafon  of 
things,  permanent  as  the  immortal  fpirit  where  it 
dwelleth,  and  durable  as  the  eternal  object  whereon 
it  is  fixed.  If  you,  after  a weary  and  diligent 
flight  in  fearch  of  happinefs,  can  find  a furer 
ground  on  which  to  reft  the  foie  of  your  foot,  there 
let  it  reft.  If  you  can  find  a better  and  firmer 
foundation  on  which  to  build  your  happinefs  there 
let  it  be  fixed, 

H3  The 
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The  deftrudtive  ideas  of  the  atheifls  of  France, 
who,  under  the  veil  of  philofophy,  have  long 
concealed  their  atrocious  defigns  on  the  peace  and 
happinefs  of  mankind,  render  it  more  neceflary 
to  prefs  thcfe  fubjedts  on  your  minds;  for  who 
w ithotit  deteftation  can  have  feen  their  attempts, 
or  have  looked  without  horror  on  their  fc hemes. 

• — A very  (lender  consideration  will  prove  to 
you,  that  all  men  would  be  politically  happy, 
if  no  one  endeavoured  to  injure  another.  The 
reftraints  of  civil  fociety  aim  at  accomplifhing  this 
objedt,  but  vain  will  be  the  endeavours  of  govern- 
ment\ unlefs  each  individual  will  co-operate  to 
the  great  purpofe,  by  retraining  his  own  malig- 
nant paflions.  No  principles  that  do  not  inculcate 
this  [elf- denial,  can  ever  promote  the  happinefs 
of  man , nor  can  any  principles  furnifh  motives  for 
the  law  of  felf-reftraint,  but  thofe  derived  from 
religion.  Thus  may  you  obtain  other  proofs  of 
it’s  weight  and  importance.  Thus  you  may  be 
enabled  to  judge  of  the  writings  and  principles  of 
thofe  wrho  v/ifh  to  deprive  you  of  happinefs  here- 
after, and  rule  over  you  here  under  the  pretext  of 
liberty.  No  real  repofe  can  be  obtained  in  fociety, 
but  that  which  is  produced  by  a religious  morality, 
by  which  alone  each  individual  can  contribute  to, 
and  enjoy  the  happinefs  of  others,  both  pad,  pre~ 
fent,  and  future. 
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APPENDIX  TO  LECTURE  IIL 

Of  the  Improvements  on  the  Air-Pump,* 

■rn 

1 O no  invention  is  natural  , philosophy  more 
indebted  than  to  that  of  the  air-pump:  even  in 
it’s  original  impeiTedt  hate  it  was  the  occafion  of 
many  important  difeoveries  ; thefe  have  been  lince 
multiplied  and  extended  to  a degree  of  which  it’s 
firft  contrivers  could  have  no  idea,  and  fcience 
ifeems  to  have  advanced,  in  proportion  as  this  in- 
•Ifrument  has  been  improved. 

The  air-pumps  in  moff  general  ufe  are 
made  either  with  ftop-cocks  or  with  valves, 
To  prevent  the  return  of  the  air  into  the  receiver, 
•out  of  which  it  had  been  exhaufted.  The  pumps 
with  ftop-cocks,  when  well  made  and  newly  put 
Together,  are  generally  found  to  ratify  the  air  to  a 
greater  degree  than  thole  which  are  made  with 
valves  ; but  after  being  fome  time  ufed,  they  be- 
come lefs  accurate  than  the  valves.  The  valves 
are  alfo  imperfect ; for  the  external  air,  prefling 
upon  that  in  the  pifton,  prevents  it’s  riling  when 
■•the  elaltic  force  of  the  air  in  the  receiver  under 
eexhauition  is  much  dimiftilhed. 

This  inconvenience  was  entirely  removed  by 
a contrivance  which  cut  off  the  communication 
between  the  inlide  of  the  barrels  and  the  outfide 
air,  fome  defeats,  however  remained  ; it  will  there- 
fore be  necefTary  to  dwell  a little  longer  on  this 
conftrudtion,  and  to  compare  it  more  particularly 
tiv.it h thofe -ufually  made. 

PI  4 I have 

* -Cuthbcrtfon^s  Dcfcription  of  an  improved  Air-Pump, 
■philof.  Tranf.  for  1751  and  1752,  and  1783. 

American  Tranf.  vol.  1.  Bolton,  178^, 
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I have  already  obferved  to  you,  that  the  valve 
at  the  bottom  of  an  air-pump  is  opened  by  the 
fpring  of  the  air  acting  againft  it  underneath,  when 
the  weight  of  the  air  is  removed  from  the  top  of 
the  valve,  by  railing  the  pifton  in  the  barrel. 

In  order  to  remove  this  reftftance  from  the 
top,  the  pifton  fhould  be  made  to  fit  exactly  to  the 
valve  plate,  when  put  down  upon  it ; for  if  there 
be  any  fpace  between  the  bottom  of  the  pifton  and 
valve,  it  will  retain  part  of  the  air  ; and  this  air 
(even  when  the  pifton  is  at  the  higheft)  will,  by 
it’s  expanfton,  in  fome  meafure,  obftrudt  the  open- 
ing  of  the  valve. 

When  the  air  in  the  receiver,  or  underneath 
the  valve,  is  ratified  to  an  equal  degree  with  the 
air  contained  in  the  barrel,  (the  pifton  being 
drawn  up  to  the  higheft,)  the  valve  cannot  rife, 
becaufc  the  reftftance  above  is  equal  to  the  power 
below. 

The  reftftance  from  this  air  contained  in  the 
barrel  againft  the  valve  at  the  bottom  will  be  uni- 
formly the  fame,  while  the  pifton  is  at  the  fame 
diftancc  from  it,  becaufc  the  atrriofohere  is  conti- 
nually  prefling  on  the  pifton  valve,  and  will  pre- 
vent the  air  below  palling  through  it,  while  this  air 
is  rarer  than  the  atmofphere  ; and  when  the  pifton 
is  put  down  to  the  bottom  of  the  barrel,  it  will 
not  efcape  through  the  pifton,  but  only  be  com- 
prefted  into  the  vacancy  between  the  bottom  of 
the  pifton,  and  the  valve  plate  at  the  bottom  of 
the  barrel,  and  be  of  equal  denftty  with  the  atmo- 
fphere. 

Befides  the  reftftance  ariftng  from  the  retained 
air,  you  are  alfo  to  conftder  that  the  weight  of  the 
valve,  its  tenacity,  its  coheft  on  to  the  plate  occa- 
ftoned  by  the  oil,  and  its  being  ftretched  tight  over 
*he  hole,  ail  increafe  the  obftruction,  efpecially 

when 
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when  the  fpring  of  tke  air  under  the  valve  is  much 
weakened  by  rarifadtion. 

If  the  reliftance  arifing  from  thefe  caufes  be 
taken  into  the  account,  the  denfity  of  the  air  in  the 
barrel,  when  compreffed  in  the  above-mentioned 
vacancy,  will  be  as  much  greater  than  the  denfity 
of  the  atmofphere  above  the  pifton,  as  is  added 
thereto  by  this  refinance,  for  this  obftruCtion  be- 
longs to  both  valves.  And  fo  aifo  when  this  re- 
tained air  is  expanded,  fay  one  hundred  times,  by 
railing  the  pifton,  the  air  in  the  receiver  cannot  be 
rarified  to  the  fame  degree,  becaufe  of  this  refin- 
ance of  the  valve  at  the  bottom  of  the  barrel. 

Thefe  difficulties  Mr.  Smeaton  endeavoured 
to  remove,  by  expoling  a much  larger  furfacc  of 
the  lower  valve  to  the  air  underneath,  by  placing 
it  on  a kind  of  grate,  which  lelfened  the  cohefion, 
while  from  the  lize  more  power  could  apply  to  open 
the  valve. 

He,  in  a great  meafure,  removed  the  difficulty 
arifing  from  the  air  retained  in  the  barrel,  by  mak- 
ing the  pifton  fit  more  nicely  to  the  bottom,  and 
by  taking  the  weight  cf  the  atmofphere  off  the  piflon  • 
this  allowed  the  pifton  valve  to  open  more  eafily, 
fo  that  much  more  of  the  air  could  pafs  through  it. 

1 he  weight  of  the  atmofphere  was  removed 
from  the  pifton,  by  doling  the  top  of  the  barrel 
with  a plate,  on  which  he  fixed  a collar  of  leathers; 
through  this  the  cylindrical  part  of  the  pifton-rod 
moves  air-tight.  And  the  air,  having  palfed  through 
the  pifton,  is  forced  out  of  the  barrel  through  a 
hole  in  the  top  plate,  over  which  is  a valve  to 
prevent  the  return  of  air  when  the  pifton  defeends, 
which  is  made  to  fit  as  exactly  to  the  top  as  to  the 
bottom  of  the  barrel,  ' to  exclude  the  air  more 
effectually. 

This  being  underftood  you  will  be  able  to  fee 
fnore  clearly  the  value  of  the  improvements  made 

on 
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oti  the  air-pump,  by  the  Rev.  Mr.  Prince,  of  the 
Maftachufet’s  State,  who,  judging  from  attempts 
already  made,  in  order  to  left'en  the  imperfection 
of  the  valves,  that  if  he  could  take  away  the  valves 
entirely,  the  rarifadtion  might  be  carried  on  ftili 
farther;  he  conftrudted  a pump  upon  that  plan. 
To  effedt  this,  he  removed  the  lower  valve,  and 
opened  the  bottom  of  the  barrel  into  a cittern  on 
which  it  is  placed,  and  which  has  a free  commu- 
nication with  the  receiver ; for  the  valve  on  the 
upper  plate,  at  the  top  of  the  barrel,  (which  is 
conftrudted  like  Mr.  Smeaton’s,)  makes  it  unne- 
cessary there  jChould  be  any  at  the  bottom  in  order 
torarify  the  air  in  the  receiver. 

The  ciftern  was  made  deep  enough  to  allow 
the  pifton  to  defeend  below  the  bottom  of  the 
barrel.  If  the  pifton  be  folid,  that  is  without  a 
valve,  when  it  enters  the  barrel  and  rifes  to  the 
top  plate  (which  is  made  air-tight  by  a collar  of 
leathers,)  it  forces  out  all  above  it  ; and  as  the 
air  cannot  return  into  the  barrel  on  account  of  the 
valve  on  the  top  plate,  when  the  pifton  defeends 
there  will  be  a vacuum  between  it  and  the  plate, 
every  thing  being  fuppofed  perfect. 

But  in  working  the  pump,  the  pifton  only 
defeends  below  a hole  in  the  fide  of  the  barrel, 
near  the  bottom,  which  opens  a free  communica- 
tion between  the  barrel,  ciftern,  and  receiver. 
Through  this  hole  the  air  nifties  from  the  ciftern 
into  the  exhaufted  barrel,  w hen  the  pifton  has  been 
dropped  below  it  ; and,  by  it’s  next  alccnt,  this 
air  is  forced  out  as  the  other  was  before.  It  the 
capacity  of  the  receiver,  ciftern,  pipes,  &c.  below 
the  bottom  of  the  barrel,  taken  together,  be  equal 
to  the  capacity  ol  the  barrel,  half  the  remaining 
air  will  be  expelled  by  every  ftroke. 

But  as  working  the  pumps  with  a folid  pifton 
would  be  laborious,  on  account  ot  the  reftftancc  it 

would 
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would  meet  with  in  it’s  defeent  from  the  air  beneath, 
(though  this  would  be  leftened  every  ftroke  as  the 
air  becomes  more  ratified,)  Mr.  Prince  pierced  a 
hole  through  the  pifton,  and  placed  a valve  over 
it,  which  opened  with  fufficient  eafe  to  prevent 
any  labour  in  working  the  pump,  by  allowing  the 
air  to  pafs  through  the  pifton  in  it’s  defeent. 

But  the  efcape  of  the  air  does  not  neceffarily 
depend  upon  a paftage  through  the  pifton  in  order 
to  get  into  the  barrel  ; for,  when  the  air  becomes 
fo  weak  from  its  rari faction  that  it  cannot  open 
this  valve,  it  will  ftill  get  into  the  barrel  when  the 
communication  therewith  is  opened  by  the  hole 
at  the  bottom.  The  pifton  w ill  therefore  defeend 
as  eafily  as  any  other,  while  at  the  fame  time  it’s 
valve  does  not  impede  the  rarifadion.  Thus  the 
valves,  which  Mr.  Smeaton  only  made  to  open  wTith 
more  eafe,  are  rendered  unnecefiary  towards  rati- 
fying the  air,  \vhile  that  at  the  bottom  of  the  bar- 
rel is  entirely  removed,  that  on  the  top  plate  being 
the  only  one  neceftary  for  rarifying  the  air. 

Having  thus  fet  afide  the  valve,  Mr.  Prince’s 
next  attempt  was  to  expel  the  air  more  perfectly 
out  of  the  barrel  than  by  Mr.  Smeaton’s  pump;  and 
this  ne  effected  by  making  a better  vacuum  between 
the  pifton  and  the  top  plate,  to  allowT  more  air  to 
expand  itfelf  into  the  barrel  from  the  receiver. 
Removing  the  prelfure  of  the  atmofphere  from  the 
valve  on  the  pump-plate,  by  means  of  a fmall  pump 
of-the  fame  conftruction  with  the  large  one,  which 
he  denominates  the  valve-pump ; and  the  air  will 
evacuate  itfelf  fo  much  the  more,  as  the  valve  of 

the  pifton  opens  w ith  more  eafe,  which  is  here 
the  cafe. 

for  the  further  peculiarities  in  this  conftruc- 
tion, I muft  refer  you  to  the  original  paper  of  the 
author,  as  what  I have  already  related  is  fully  fuf- 
ficient to  render  you  mafter  of  the  principles  on 
which  it  ads. 
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On  the  fuccejjlve  degrees  in  which  the  air  is  rarifiea 
by  a common  air-pump. 

AS  you  are  now  fufficiently  acquainted  with 
the  fabric  and  contrivance  of  the  pump,  fo  as  to 
underhand  in  general  the  manner  of  its  operation, 
I fhall  now  enter  on  fome  particulars  which  have 
not  been  hitherto  confidered. 

It  may  perhaps  on  a firft  view  not  feem  im- 
probable that  an  equal  evacuation  is  made  at  each 
itroke  of  the  pump,  and  confequently  that  the  receiver 
may,  after  a certain  number  of  ftrokes,  be  perfectly 
exhaufted  ; for  it  muft  be  allowed,  if  an  equal 
quantity  of  air  is  taken  away  at  every  ftroke,  that 
the  receiver  will  in  time  be  perfedtly  exhaufted, 
how  fmall  foever  thofe  equal  quantities  which  are 
continually  taken  away  may  be  fuppofed  to  be. 
Thus,  if  the  air  which  goes  out  of  the  receiver  at 
each  turn  of  the  pump  be  but  the  hundredth  part  of 
what  was  at  firft  included  in  the  receiver,  it  is  cer- 
tain that  a total  evacuation  will  be  made  after  an 
hundred  turns.  That  tilings  are  thus,  may  at  firft 
view,  I fay,  feem  not  improbable;  but  if  weconfider 
the  matter  more  nearly,  we  fhall  find  it  to  be  far 
otherwife. 

What  I fhall  endeavour  to  make  out  to  you  is 
this;  that  the  quantities  exhaufted  at  every  lhroke 
are  not  equal,  but  are  perpetually  diminifhed,  and 
grow  lefs  always  fo  long  as  you  continue  to  work 
the  pump  : that  no  receiver  can  ever  be  perfectly 
and  entirely  evacuated,  how  long  time  foever  you 
employ  for  that  purpofe,  notwithftanding  that  the 
engine  be  abfolutely  tree  from  all  defects,  and  in 
the  greateft  perfection  which  can  be  imagined. 
It  may  appear  to  be  a paradox,  that  a certain  quan- 
tity of  the  air  in  the  receiver  lhoujd  be  rejnoved  at 

every 
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every  turn  of  the  pump,  and  yet  that  the  w hole  can 
never  be  taken  away ; but  I hope  I fhall  eafily 
fatisfy  that  it  is  not  a miftake.  Laflly,  that  I may 
not  feem  too  much  to  depreciate  the  value  of  our 
engine,  I have  this  further  to  fay  for  it,  that  though 
it  be  impoflible  by  its  means  to  procure  a perfed 
vacuum,  yet  you  may  approach  as  near  to  it  as  you 
pleafe.  By  a perfed  vacuum  here,  I mean  in  re- 
fpect  of  air  only , not  an  abfolute  vacuity  in  refpeti 
of  every  thing  which  is  material ; for , not  to  mention 
what  other  fubtile  bodies  may  pofjibly  be  lodged  in  our 
receivers , it  is  matter  of  faff , that  the  rays  of  light 
are  not  excluded  from  thence.  • 

In  order  to  make  out  thefe  affertions,  I fhall 
in  the  firft  place  lay  down  this  rule — That  the 
quantity  of  air  which  is  drawn  from  the  receiver 
at  each  ftroke  of  the  pump,  bears  the  fame  pro- 
portion to  the  quantity  of  air  in  the  receiver  im- 
mediately before  that  ftroke,  as  the  capacity  of  the 
barrel  into  which  the  air  paffes  from  the  receiver 
does  to  the  capacity  of  the  fame  barrel  and  the 
capacity  of  the  receiver  taken  together.  You  may 
remember  that  in  each  barrel  there  are  two  valves, 
whereof  the  lower  is  placed  at  the  bottom  of  the 
barrel,  and  the  upper  is  fixed  upon  the  piffon. 
Now  the  hollow  fpace  which  lies  betwixt  thefe 
valves,  when  the  pi  lion  is  raifed  as  high  as  it  can 
go,  is  what  I call  the  capacity  of  the  barrel  ; for 
the  other  part  of  the  cavity  of  the  barrel,  which 
is  above  the  pillon  and  the  upper  valve,  is  of 
no  ufe  in  evacuating  the  receiver,  and  there- 
fore ought  not  here  to  be  conlidered.  Upon  a 
like  account,  by  the  capacity  of  the  receiver,  I 
mean  not  only  the  fpace  immediately  contained 
under  the  receiver,  but  alfo  all  thofe  other  hollow 
fpaces  which  communicate  with  it,  as  far  as  to  the 
lower  valves:  fuch  you  may  remember  are  the  cavi- 
ty of  the  pipe  which  conveys  the  air  to  the  barrels, 
i and 
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and  the  cavity  in  the  upper  part  of  the  g age  above 
the  quickfilvcr.  Thefe  additional  fpaces  are  very 
fmall  and  i m:  o nil  de  table  : yet  if  we  would  be  exact, 
they  alio  muft  be  taken  into  the  account  and 
looked  upon  as  parts  of  the  receiver.  Now,  to 
underftand  the  truth  of  this  rule,  we  muft  obferve, 
that,  as  the  pifton  is  moved  upwards  from  the  bot- 
tom of  the  barrel,  it  would  leave  a void  fpace  be- 
hind it,  but  this  eftebt  is  prevented  by  the  ruffling 
in  of  air  from  the  receiver.  The  air,  you  know, 
by  it’s  elafticity,  is  always  endeavouring  to  expand 
itfelf  into  larger  dimenftons,  and  it  is  by  this  en- 
deavour that  it  opens  the  lower  valve,  and  paffes 
into  the  hollow  part  of  the  barrel  as  the  pifton 
gives  way  to  it;  and  this.it  will  continue  to  do, 
till  it  comes  to  have  the  fame  denfity  in  the  barrel 
as  in  the  receiver:  for,  fhould  its  denfity  in  the 
barrel  be  lefs  than  in  the  receiver,  it’s  elaftic  force, 
which  is  proportionable  to  its  denfity,  would  be 
lefs  alfo,  and  therefore  it  muft  ftill  give  way  to  the 
air  in  the  receiver,  till  at  length  the  denfities  be- 
come the  fame.  The  air  then,  which  immediately 
before  this  ftroke  of  the  pump  (by  which  the 
fucker  is  railed)  was  contained  in  the  receiver 
only,  is  now  uniformly  diffufed  into  the  receiver 
and  the  barrel ; whence  it  appears  that  the  quan- 
tity of  air  in  the  barrel  is  to  the  quantity  of  air  in 
the  barrel  and  receiver  together,  as  the  capacity 
of  the  barrel  is  to  the  capacity  of  the  barrel  and 
receiver  together.  But  the  air  in  the  barrel  is  that 
which  is  excluded  from  the  receiver  by  this  ftroke 
of  the  pump,  and  the  air  in  the  barrel  and  receiver 
together  is  what  was  in  the  receiver  immediately 
before  the  ftroke.  Therefore  the  truth  of  the  rule 
is  very  evident,  that  the  quantity  of  air  which  is 
drawn  from  the  receiver  at  each  ftroke  of  the 
pump,  bears  the  fame  proportion  to  the  quantity  of 
air  in  the  receiver  immediately  before  that  ftroke, 
4.  as 
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as  the  capacity  of  the  barrel  into  which  the  air 
caffes  from  the  receiver  docs  to  the  capacity  of 
the  lame  barrel  and  the  capacity  of  the  receiver 
taken  together.  To  illuftrate  this  further  by  an  ex- 
ample, let  us  fuppofe  the  capacity  of  the  receiver  to 
be  twice  as  great  as  the  capacity  of  the  barrel ; 
then  will  the  capacity  of  the  barrel  be  to  the  ca- 
pacity of  the  barrel  and  receiver  together  as  one 
to  three,  and  the  quantity  of  air  exhaufled  at  each 
turn  of  the  pump  is  to  the  quantity  of  air  which  was 
in  the  receiver  immediately  before  that  turn,  in  the 
fame  proportion.  So  that  by  the  firfl  flroke  of 
the  pump,  a third  part  of  the  air  in  the  receiver  is 
taken  away ; by  the  fecond  flroke,  a third  part  of 
the  remaining  air  is  taken  away;  by  the  third 
llroke,  a third  part  of  the  next  remainder  is  ex- 
haufled ; by  the  fourth,  a third  part  of  the  next ; 
and  fo  on  continually;  the  quantity  of  air  eva- 
cuated at  each  flroke  diminifhing  in  the  fame 
proportion  with  the  quantity  of  air  remaining  in 
the  receiver  immediately  before  that  flroke  : for 
it  is  very  evident,  that  the  third  part,  or  any  other 
determinate  part,  of  any  quantity,  mufl  needs,  be 
diminifhed  in  the  fame  proportion  with  the  whole 
quantity  itfelf.  And  this  may  fuffice  for  the 
proof  of  what  1 afferted  in  the  firfl  place,  viz.  that 
the  quantities  exhaufled  at  every  flroke  are  not 
equal,  but  are  perpetually  dimini  filed. 

I fhall  now  proceed  to  fliew  that  the  air  re- 
maining in  the  receiver,  after  every  flroke,  is  di- 
minifhed in  a geometrical  progreflion.  It  has 
been  proved  that  the  air  remaining  in  the  receiver, 
after  each  flroke  of  the  pump,  is  to  the  air  which 
was  in  the  receiver  immediately  before  that  llroke, 
as  the  capacity  of  the  receiver  is  to  the  capacity  of 
the  barrel  and  receiver  taken  together;  or,  in  other 
words,  that  the  quantity  of  air  in  the  receiver,  by 
each  flroke  of  the  pump,  is  diminifhed  in  the 

proportion 
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proportion  of  the  capacity  of  the  receiver  to  the 
capacity  of  the  barrel  and  receiver  taken  together  : 
each  remainder  is  therefore  evermore  lefs  than 
the  preceding  remainder  in  the  fame  given  ratio ; 
that  is  to  fay,  thefe  remainders  are  in  a geometrical 
progreflion  continually  decreaiing.  Let  us  return 
again  to  our  former  example  which  may  afford  a 
fomewhat  different  light  into  this  matter.  The 
quantity  exhaufted  at  the  firft  turn,  you  remember, 
was  a third  part  of  the  air  in  the  receiver,  and 
therefore  the  remainder  will  be  two-thirds  of  the 
fame  ; and  for  the  like  reafon  the  remainder  after 
the  fecondturn  will  be  two-thirds  of  the  foregoing 
remainder,  and  fo  on  continually,  the  decreafe 
being  always  made  in  the  fame  proportion  of  two 
to  three ; confequently  the  decreasing  quantities 
themfelves  are  in  a geometrical  progreffion.  It 
was  before  proved  that  the  quantities  exhaufled  at 
every  turn  did  decreafe  in  the  fame  proportion 
with  thefe  remainders ; therefore  the  quantities 
exhaufled  at  every  turn  are  alfo  in  a geometrical 
progreffion.  Let  it  then  be  remembered,  that  the 
evacuations  and  the  remainders  do  both  of  them 
decreafe  in  the  fame  geometrical  progreffion.  If 
the  remainders  do  decreafe  in  a geometrical  pro- 
greffon,  it  is  certain  you  may,  by  continuing  the 
agitations  of  the  pump,  render  them  as  fmall  as 
you  pleafe  ; that  is  to  fay,  you  may  approach  as 
near  as  you  pleafe  to  a perfect  vacuum.  But  not- 
withilanding  this,  you  can  never  entirely  take  away 
the  remainder.  If  it  be  faid  that  you  may,  I prove 
the  contrary  thus— Before  the  laft  turn  of  the 
pump,  which  is  faid  wholly  to  take  away  the  re- 
mainder, it  muft  be  confeffed  there  was  a re- 
mainder; this  remainder,  by  that  laft  turn  ot  the 
pump,  will  only  be  diminifhed  in  a certain  pro- 
portion, as  has  been  before  proved  ; therefore  it 
was  falfely  faid  to  be  totally  taken  away. 


There 
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There  are  three  kinds  of  gages  ufed  with  the 
air-pump  to  meafure  the  degrees  of  exhauftion; 
the  firll,  called  the  long  barometer  gage;  the  fe- 
cond,  the  jhort  barometer  gage  • the  third,  the 
pear  gage , or  manometer.  The  two  firfl  {hew 
the  elafticity  of  the  fluid  in  the  receiver,  but  do  not 
determine  whether  it  be  permanently  claflic  air  ; 
the  third  {hews  the  denfity  of  the  air  left  in  the 
receiver,  without  regarding  fuch  vapours  as  may 
affume  an  elaftic  form  in  the  vacuum,^-.  11  ypl.  1. 
The  fhort  gage  is  often  made  in  the  form  of  an 
inverted  fyphon,  with  one  leg  open,  and  the  other 
hermetically  fealed  ; this  is  fometimes  calledATz/- 
r an* s gage y fig.  12,  pi.  1. 

It  may  not  be  improper  in  this  place  to  fay 
fomething  concerning  the  gradual  afeent  of  the 
quicklilver  in  the  long  barometer  gage,  upon 
which  w'e  have  madefome  experiments.  You  have 
obferved,  that  as  we  continue  to  pump,  the  quick- 
filver  continues  to  afeend,  approaching  always  more 
and  more  to  the  ftandard  altitude  in  the  weather- 
glafs,  which  you  know  is  about  twenty-nine  and  a 
half  inches,  being  a little  under  or  over  according 
to  the  variety  of  feafons.  What  I {hall  now  en- 
deavour to  make  out  to  you  is  this:  that  the  defed 
of  the  height  of  the  quicklilver  in  the  gage  from 
the  ltandard  altitude,  is  always  proportionable  to 
the  quantity  ot  air  which  remains  in  the  receiver: 
that  the  altitude  itfelf  of  the  quickfilver  in  the 
gage  is  proportionable  to  the  quantity  of  air 
which  has  been  exhaufted  from  the  receiver  ; that 
the  afeent  of  the  quickfilver,  upon  every  turn  of 
the  pump,  is  proportionable  to  the  quantity  eva- 
cuated by  each  turn. 

In  order  to  underhand  thefe  aflertions,  you 
are  to  confider  that  the  whole  preflure  of  the  at- 
mofphere  upon  the  ciflern  of  the  gage  is  equiva- 
lent to,  and  may  be  balanced  by,  a column  of  quick- 
Vol.  I.  I fllver 
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iilver  of  the  ftandard  altitude.  Therefore,  when  in 
the  gage,  the  quickfilver  has  not  yet  arrived  to 
the  ftandard  altitude,  it  is  certain  the  defect  of 
quickfilver  is  fupplied  by  fome  other  equal  force, 
and  that  force  is  the  elaftic  power  of  the  air  yet 
remaining  in  the  receiver,  which,  communicating 
(as  you  remember)  with  the  upper  part  of  the 
gage,  hinders  the  quickfilver  from  afeending,  as 
it  would  otherwife  do,  to  the  ftandard  altitude.. 
The  elaftic ity  of  the  air  in  the  receiver  is  then 
equivalent  to  the  weight  of  the  deficient  quick- 
filver : but  the  w’ eight  of  that  deficient  quickfilver 
is  proportionable  to  the  fpace  it  fhould  poflefs,  or 
to  the  defedt  of  the  height  of  the  quickfilver  in 
the  gage  from  the  ftandard  height  : therefore  the 
elafticity  of  the  remaining  air  is  alfo  proportiona- 
ble to  the  fame  defect.  And  fince  it  was  formerly 
proved,  that  the  denfity  of  any  portion  of  air  is 
always  proportionable  to  its  elafticity,  and  the 
quantity  in  this  cafe  is  proportionable  to  the  den- 
fity, it  follows,  that  the  quantity  of  air  remaining 
in  the  receiver  is  proportionable  to  the  defect  of 
the  quickfilver  in  the  gage  from  it’s  ftandard  al- 
titude, which  wras  the  firft  thing  to  be  proved. 
He  nee  it  follows,  that  the  quantity  of  air  which 
was  at  firft  in  the  receiver  before  you  began  to 
pump,  is  proportionable  to  the  whole  ftandard  al- 
titude, and  confequently  the  difference  of  this  air 
which  was  at  firft  in  the  receiver,  and  that  which 
remains  after  any  certain  number  of  turns,  that  is, 
the  quantity  of  air  exhaufted,  is  proportionable  to 
the  difference  of  the  ftandard  altitude,  and  the 
before-mentioned  defedt,  that  is,  to  the  altitude  of 
the  quickfilver  in  the  gage  after  that  number  of 
turns  ; w hich  was  the  fecond  thing  to  be  proved. 
And  from  hence  it  follows,  that  the  quantity  of 
air  exhaufted  at  every  turn  of  the  pump,  is  pro- 
portionable to  the  afeent  of  the  quickfilver  upon 
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each  turn,  which  was  the  laft  thing  to  be  made 
out.  And  thefe  con^lufions  do  very  well  agree 
with  the  experiments,  which  fhewed  us  the  quan- 
tity of  air  that  was  exhaufted  by  the  quantity  of 
water  which  afterwards  fupplied  the  vacant  place 
of  that  air  in  our  receiver.  Let  it  then  be  remem- 
bered, that  the  quantity  exhaufted  at  each  turn  is 
proportionable  to  the  afeent  of  the  quickfilver 
upon  that  turn  ; that  the  whole  quantity  exhaufted, 
from  the  time  you  began  to  pump,  is  proportiona- 
ble to  the  whole  altitude  of  the  quickfilver  ; that 
the  quantity  remaining  in  the  receiver  is  propor- 
tionable to  the  defeat  of  that  altitude  from  the 
ftandard.  To  come  now  to  the  application  of  the 
other  experiments  which  we  made  this  day:  we 
found,  you  remember,  that  the  feveral  afeents  of 
the  quickfilver  in  the  gage,  upon  every  turn  of 
the  pump,  were  diminifhed  in  a geometrical  pro- 
greffion;  and  it  has  juft  now  been  proved,  that  the 
quantities  of  air  exhaufted  at  each  turn,  are  pro- 
portionable to  thofe  afeents.  Therefore,  we  may 
fafely  conclude,  from  experiment  alfo,  what  we 
before  collected  by  a train  of  reafoning ; that  the 
quantities  of  air  exhaufted  at  every  turn  of  the 
pump  are  diminifhed  continually  in  a geometrical 
progrellion.  Furthermore,  fince  thofe  afeents  are 
the  differences  of  the  defeats  from  the  ftandard 
altitude,  upon  every  fucceffive  turn  of  the  pump  ; 
it  follows,  that  the  defeats  alfo  are  in  the  fame  de- 
ci  ealing  geometrical  progrellion.  For  it  is  a general 
tneoiem,  tnat  all  quantities,  whole  differences  are 
in  a geometrical  progreffion,  (fo  long  as  the  quan- 
tities continue  to  have  any  magnitude,)  are  them- 
felvcs  alfo  in  the  fame  geometrical  progrellion. 

I he  defects  being  then  in  adecreafing  geometrical 
progrellion,  and  the  quantities  of  air  remaining  in 
the  receiver  being  proportionate,  (as  was  lately 
proved)  to  the  defects  ; it  follows  from  the  fame 
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experiments,  that  the  quantities  of  air  which  re- 
main in  the  receiver  after  every  turn  of  the  pump, 
do  decreafe  in  a geometrical  progreflion  ; which 
was  the  other  thing  concluded  alfo  by  a train  of 
reafoning. 

The  fhort  gage,  (fig.  2.  pi.  2.)  confifts  of  a 
tube  fix  or  8 inches  long,  filled  with  mercury,  and 
inverted  in  a fmall  bafon  thereof,  in  the  fame  man- 
ner as  the  common  barometer ; in  this  the  mer- 
cury does  not  begin  to  defcend  till  about  three- 
fourths  of  the  air  is  exhaufied,  after  which  it  be- 
gins to  fiiew  the  degree  of  exhaufiion,  which  is  in 
proportion  as  the  height  of  its  column  to  the  height 
of  the  mercury  in  the  common  barometer. 

The  pear-gage,  (fig.  ir.  pi.  1.)  would  be  the 
moft  accurate  of  any,  if  it  w ere  not  that  molt  fluid 
fubfiances,  as  has  been  fully  proved  by  Mr.  Nairne , 
afiume  an  elafiic  form  ; when  the  preflure  of  the 
atmofphere  is  removed,  it  therefore  feldom  indi- 
cates the  elafiicity  or  adlual  preflure  of  the  fluid 
remaining  in  the  receiver. 

By  this  gage,  Mr.  Nairne  difcovered  that 
feveral  fubfiances,  when  placed  under  a receiver, 
will,  during  the  time  of  exhaufiion,  emit  a kind 
of  vapour  or  damp,  which,  by  it’s  expanfion,  will 
drive  and  force  out  moft  of  the  permanent  air  ; 
but  that  w'hen  the  preflure  of  the  air  is  reftored, 
this  vapour  lofes  it’s  expanfibility,  and  is  condenfed 
into  it’s  former  ftate. 

Hence  this  g^ge  will  fometimes  indicate 
that  all  the  permanent  air  is  exhaufied  out  of  the 
receiver  except  about  To.<ro7>  part,  when  other 
gages  do  not  (hew  a degree  of  exhaufiion  of  more 
than  200  times,  fometimes  much  lefs. 

The  pear-gage,  (fig.  11.  pi.  1,)  confifts  of  a 
bulb  of  glafs,  fomething  in  the  fliape  ot  a pear, 
and  fufficient  to  hold  about  half  a pound  ot  quick- 
filver  : it  is  open  at  one  end,  and  at  the  other  is  a 

tube. 
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tube,  hermetically  clofed  at  the  top.  By  the  help 
of  a nice  pair  of  fcales  you  find  what  proportion 
of  weight  a column  of  quickfilver,  of  a certain 
length,  contained  in  the  tube,  bears  to  that  which 
filled  the  whole  velfel : by  thefe  means  you  will  be 
enabled  to  mark  divilions  upon  the  tube  anfwering 
to  a 1 oooth  part  of  the  whole  capacity;  which, 
being  about  one-tenth  of  an  inch  each,  may,  by 
eftimation,  be  ealily  fubdivided  into  fmaller  parts. 
This  gage,  during  the  exhaufling  of  the  receiver, 
is  fufpended  therein  by  a flip  wire.  When  the 
pump  is  worked  as  much  as  fhall  be  thought  ne- 
ceffary,  the  gage  is  pufhed  down  till  the  open  end 
is  immerged  in  a ciflern  of  quickfilver  placed  un- 
derneath ; the  air  being  then  let  in,  the  quickfilver 
will  be  driven  into  the  gage  till  the  air  remaining 
in  it  becomes  of  the  fame  denfity  with  the  exter- 
nal ; and  as  the  air  always  takes  the  higheft  place, 
the  tube  being  uppermoft,  the  expanlion  will  be 
determined  by  the  number  of  divifions  occupied 
by  the  air  at  the  top. 

Mr.  Nairne  put  the  fliort  barometer-gage,  and 
the  pear-gage,  with  a glafs  cup  having  a wrooden 
foot,  both  together  under  the  receiver,  w'hich  re- 
ceiver was  placed  on  a leather  foaked  in  oil  and 
tallow,  on  the  plate  of  the  pump ; the  pump  wras 
then  worked  for  ten  minutes,  and  the  quickfilver 
was  brought  down  in  the  fliort  barometer-gage  to 
about  one-tenth  of  an  inch  of  the  furface  of  the 
quickfilver  in  the  ciflern,  and  rofe  in  the  long 
barometer-gage  to  within  one-tenth  of  an  inch  of 
the  height  of  the  quickfilver  in  a ftandard  ba- 
rometer, which  was  at  that  time  at  thirty  inches  ; 
by  which  it  appeared,  that  the  preflure  on  the  fur- 
face  of  the  quickfilver  in  the  ciflern,  and  in  the 
tube  of  the  long  barometer-gage,  was  diminifhed 
to  about  a 300th  part : the  pear-gage  being  now 
pu Ihed  down  till  it’s  open  end  was  imincrfed  un- 
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dcr  the  furface  of  the  quickfilver  in  the  cup,  the 
air  was  then  let  in,  and  the  pump  appeared  by  that 
gage  to  have  cxhaufted  all  but  a 6,oooth  part  of  the 
air ; or,  in  other  words,  the  degree  of  exhauftion 
by  this  gage  appeared  to  be  fix  thoufand  times. 

Mr.  Nairne  made  many  other  experiments,  all 
manifelling  a conliderable  difagreement  between 
the  pear  and  other  gages.  Thefe  differences  Mr. 
Cavendifh  accounted  for  in  the  following  manner : 
t(  It  appeared,”  he  faid,  " from  fome  experiments, 
t(  that  water,  whenever  the  preffure  of  the  at- 
f(  mofphere  on  it  is  diminilhed  to  a certain  degree, 
ff  is  immediately  turned  into  vapour,  and  is  as 
fr  immediately  turned  back  again  into  water  on 
**  refloring  the  preffure.  This  degree  of  preffure 
ff  is  different  according  to  the  heat  of  the  water: 
(c  when  the  heat  is  72 ° of  Fahrenheit’s  fcale,  it 
<f  turns  into  vapour  as  foon  as  the  preffure  is  no 
Cf  greater  than  that  of  three  quarters  of  an  inch 
(t  of  quickfilver,  or  about  one-fortieth  of  the 
fi  ufual  preffure  of  the  atmofphere ; but  when  the 
ff  heat  is  only  41  °,  the  preffure  muff  be  reduced 
“ to  that  of  a quarter  of  an  inch  of  quickfilver, 
before  the  water  turns  into  vapour.  It  is  true, 
((  that  water  cxpofed  to  the  open  air  will  evaporate 
at  any  heat,  and  with  any  preffure  of  the  at- 
<c  mofphere  ; but  that  evaporation  is  entirely 
<(  owing  to  the  adtion  of  the  air  upon  it : whereas 
<(  the  evaporation  here  fpoken  of,  is  performed 
“ without  anv  affifbmce  from  the  air.  Hence  it 
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follows,  that  when  the  receiver  is  cxhaufted  to 
the  above-mentioned  degree,  the  moilture  ad- 
hering to  the  different  parts  of  the  machine 
will  turn  into  vapour  and  lupply  the  place  of 
the  air,  which  is  continually  drawn  away  by  the 
working  of  the  pump,  fo  that  the  fluid  in  the 
pear-gage,  as  well  as  that  in  the  receiver,  will 
confift  in  good  meafure  of  vapour.  Now  l_etr 
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*<  ting  the  air  into  the  receiver,  all  the  vapour 
,f  within  the  pear-gage  will  be  reduced  to  water, 
ff  and  only  the  real  air  will  remain  uncondenfed; 
((  confequently  the  pear-gage  fliews  only  how 
ff  much  real  air  is  left  in  the  receiver,  and  not  how 
<f  much  the  prefllire  or  fpring  of  the  included 
<f  fluid  is  diminifhed  ; whereas  the  common  gages 
<f  fhew  how  much  the  prefllire  of  the  included 
ff  fluid  is  diminifhed,  and  that  equally,  whether  it 
<f  conflft  of  air  or  of  vapour.” 

Mr.  Cavcndifh  having  explained  fo  fatisfac- 
torily  the  caufc  of  the  difagreement  between  the 
two  gages,  it  appeared  that  if  moifture  were 
avoided  as  much  as  poflible,  the  two  gages  would 
nearly  agree,  which  was  proved  by  a variety  of  ex- 
periments, from  which  the  following  are  feletfted  : 
The  plate  of  the  pump  being  made  as  clean 
and  as  dry  as  poflible,  there  was  then  put  on  it  the 
before-mentioned  fhort  barometer-gage,  alfo  the 
pear-gage,  with  a ciftern  entirely  of  glafs,  which 
held  the  quickfilver  ; they  were  then  covered  with 
a receiver,  round  the  outlide  of  which  was  laid  a 
cement,  which  perfectly  excluded  the  outward  air; 
every  part  before  it  was  put  under  the  receiver, 
as  well  as  the  receiver  itfelf,  being  made  as  clean 
and  as  free  from  moifture  as  poflible.*  The  pump 
was  then  worked  for  ten  minutes,  and  the  baro- 
meter-gages indicated  a degree  of  exhauftion. 
nearly  600 : the  air  w as  then  let  into  the  receiver, 
the  pear-gage  indicated  a degree  of  exhaultion,  but 
very  little  more  than  600  alfo.  The  near  agree- 
ment of  the  pear-gage  w ith  the  barometer-gages, 
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* A may  be  proper  here  to  take  notice,  that  the  pump  in 
eveiy  experiment  hereafter-mentioned  was  worked  ten  minutes, 
.usd  the  fame  receiver  continued  cemented  to  the  pump-plate, 
except  where  it  is  otherwife  mentioned.  The  top  part  of  this 
feceiver  was  made  to  open,  in  order  to  put  in  different  things. 
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in  this  laft  experiment,  in  which  moifture  was 
excluded  as  much  as  pofiible,  Teemed  to  prove 
beyond  a doubt,  that  their  difagreeing  mud  have 
been  owing  (as  Mr.  Cavendifh  fuppofed)  to  the 
moidure  which  in  them  had  not  been  To  carefully 
excluded.  But,  as  there  might  arife  a vapour  from 
Tome  moiflure  that  might  be  contained  in  the 
leather  foaked  in  oil  and  tallow,  or  in  the  wooden 
foot  which  was  cemented  to  the  glafs  cup,  the  fol- 
lowing experiments  were  tried : 

A piece  of  leather  dreffed  in  allum,  known 
by  the  name  of  white  iheep-fkin,  of  about  four 
inches  diameter,  which  had  been  foaked  in  oil 
and  tallow  about  a year  ago  (fuch  as  was  ufed  to 
place  the  receiver  on  in  the  fil'd  and  fecond  expe- 
riments) was  put  into  the  receiver;  the  pump 
was  then  worked,  and  the  barometer-gage  indi- 
cated a degree  of  exhaudion  of  nearly  300 ; but 
on  the  admidion  of  the  air  the  pear-gage  indicated 
a degree  of  exhaudion  of  4,000. 

The  piece  of  leather  being  taken  out,  the 
pump  was  then  worked,  and  the  degree  of  ex- 
haudion appeared  by  both  the  barometer  and  pear- 
gages  to  be  about  600,  as  in  the  third  experiment. 

A cylinder,  made  of  a piece  of  box  wood, 
Avhich  had  been  kept  for  more  than  a year,  one 
inch  in  diameter,  and  three  inches  in  length,  was 
put  into  the  receiver  (this  piece  of  wood  was  of 
the  fame  kind  as  that  which  was  cemented  to  the 
foot  of  the  glafs  cup  ufed  in  the  fird  and  fecond 
experiments,)  the  pump  was  then  worked,  and  the 
degree  of  exhaudion  appeared  by  the  barometer- 
gage  to  be  300,  but  by  the  pear-gage  16,000. 

Thefe  experiments  were  often  repeated,  but 
the  refult  was  feldom  the  fame.  When  leather 
foaked  in  oil  and  tallow7  has  been  put  into  the  re- 
ceiver, the  pear-gage  has  fometimes  indicated  a 

degree  of  exhaudion  of  20,000,  and  fometimes 
° no 


Nature  and  Properties  or  Air.  121 

no  more  than  500 ; it  likewife  differs  very  much 
with  the  box-wood,  which  may  perhaps  be  owing 
to  different  degrees  of  heat  and  moiffure. 

From  thefe  experiments,  it  is  evident  that 
there  arifes  an  elaftic  vapour  from  the  leather 
dreffed  in  allum  and  leaked  in  oil  and  tallow,  and 
alfo  from  the  piece  of  box-wood,  when  the  weight 
of  the  atmofphere  has  been  partly  taken  off'  by 
the  adlion  of  the  pump  ; and  that  this  vapour 
preffes  upon  the  furfacc  of  the  quicklilver  in  the 
tube  of  the  long  barometer-gage,  and  of  that  in 
theciftern  of  the  fnort  one;  and  that,  confequentlv, 
the  teffimony  of  both  thefe  gages  muff  be  in- 
fluenced by  this  vapour,  as  well  as  by  the  final  1 
remainder  of  common  air : but  as  it  is  the  nature 
of  the  pear-gage  not  to  give  it’s  teffimony  till  the 
remaining  air  contained  in  it  is  preffed,  fo  as  to 
become  of  the  fame  denfity  of  the  atmofphere  ; 
and  as  this  vapour  cannot  fubfift  in  the  form  of 
vapour  under  that  preffure,  this  gage  is  not  at  all 
influenced  by  it,  but  indicates  the  remaining  quan- 
tity of  permanent  air  only. 

Precaution  for  accurate  exbauftion. 

From  the  foregoing  experiments,  it  is  evident 
that  when  accurate  experiments  are  required,  the 
receiver  muff  not  be  placed  upon  leather,  either 
oiled  or  foaked  in  water;  but  that  the  plate  of  the 
pump  fliould  be  made  as  dry  as  poflible,  the  infide 
of  the  receiver  fliould  be  dried  and  rubbed  with 
a warm  cloth : the  receiver  may  then  be  fet  upon 
the  plate,  and  hog’s  lard,  either  alone  or  mixed 
with  oil,  be  fmeared  round  it’s  outfide  edge.  With 
thefe  precautions,  the  pump  will  fhew  it’s  greatelf 
power  of  exhauffion,  and  what  remains  in  the  re- 
ceiver, which  the  pump  would  not  exhauft,  will 
be  permanent  air. 
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Particular  care  fliould  be  taken,  after  making 
any  experiments,  where  vapour  has  been  generated, 
to  clear  the  pump  of  it,  before  any  other  expe- 
riments are  attempted  ; for  this  fluid  or  vapour  re- 
mains not  only  in  the  receiver,  but  alfo  in  the 
tubes  and  barrels  of  the  pump,  and  will,  w hen  the 
air  is  again  rarified,  expand  as  before. 

To  clear  the  pump  of  this  vapour,  take  a 
large  receiver,  and,  wiping  it  as  before  directed, 
exhauft  it  as  far  as  poffible.  The  expanfible  va- 
pour which  remained  in  the  barrels  and  the  pipes 
will  now  be  difliifed  through  the  receiver,  and 
confequently  will  be  as  much  rarer  than  it  was 
before,  as  the  aggregate  capacity  of  the  receiver 
is  larger  than  that  of  the  pump  and  pipes,  if  the 
receiver  be  large,  one  exhauflion  will  be  fufficient 
to  clear  the  pomp  fo  far,  that  what  remains  can 
be  of  no  conlequence.  If  the  receiver  be  fmall, 
the  operation  fliould  be  repeated  two  or  three 
times. 

It  may  be  proper  to  obferve  here,  that  for  the 
beft  pumps,  the  plate  and  the  edges  of  the  re- 
ceivers are  ground  fo  true,  as  not  to  require  any 
leathers  ; but  as  letting  the  receivers  dry  upon  the 
plate  is  apt  to  fcratch  and  fpoil  it,  you  will  find, 
it  always  ufeful  to  fpread  a little  hog’s  lard  or  tal- 
low upon  their  edges.  This  prevents  the  edges 
of  the  receivers  from  damaging  the  plate,  and 
does  not  emit  any  vapour. 
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LECTURE  IV. 

I 

On  the  Nature  and  Properties  of  Air. 

IN  writing  thefc  Lectures,  I have  had  four  points 
in  view.  1.  To  fupport  and  fhew  that  there 
is  a ftri<5t  alliance  between  natural,  moral,  and  fa- 
cred  philofophy.  To  ufe  the  words  of  a man  of 
the  firfl:  abilities,  ,f  The  great  Author  of  all  things, 
viewed  in  every  poffible  relation  to  man,  fhopld 
ever  be  the  object  to  which  all  our  ftudies  and 
inquiries  converge,  as  the  center  of  all  truth,  and 
the  fource  of  all  being  and  perfection.  Whatever 
has  not  an  unvaried  regard  to  him,  deviates  from 
it’s  true  line  and  direction,  and  muft  lead  to  error 
and  mental  depravation  whereas  a proper  view 
of  philofophy  will  fhew  you,  ft  That  whatever  is 
permanent  in  outward  nature — whatever  is  immu- 
tably true  in  morals  or  in  politicks , oweth  it’s  per- 
manency and  truth  to  the  eternity  and  immuta- 
bility of  the  divine  caufe  of  all  things — the  Creator 
of  outward  nature — the  Father  of  all  moral  beings — 
the  Author  of  all  good  government.  That  what- 
ever is  demonjlrable  in  any  of  x\\o  fciences-— what- 
ever is  certain  in  any  of  the  arts  dependent  on 
thofe  fciences,  derives  it’s  clearnefs  in  theory,  and 
it’s  certainty  in  practice,  from  the  felf-evidcnt  prin- 
ciples of  mind,  whofe  fountain  is  the  Divine 
elience.” 

Natural  philofophy,  in  it’s  proper  extent,  fober 
ufe,  and  application,  is  a noble  fcience  ; but  to 
confine  it  to  nature,  matter,  motion,  and  mecha- 
nifm,  excluding  morality  and  theology,  is  to  con- 
tract, to  degrade,  and  debafe  it  below  the  meaneft 
occupation  of  life. 

2.  To 

* Berrington’s  Immaterialifm  delineated. 
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2.  To  render  this  work  a kind  of  natural 
and  practical  logic,  that  fhall  enable  you  to  dif- 
tinguifh  what  is  lound  and  folid,  from  what  is 
hollow  and  vain.  To  prevent  an  undue  attach- 
ment to  any  fyftem,  and  to  counteract  the  influence 
of  names  and  authority,  in  a fcience  where  free 
difquilition  fhould  be  allowed  in  it’s  full  extent, 
and  where  candour  and  ferenity  fhould  always  pre- 
vail. 

Sorry  I am  to  fay,  that  philofophy  is  ftill  too 
much  governed  by  an  intolerant  fpirit  which  ob- 
ftrudts  the  advancement  of  fcience,  and  obliges  it 
to  run  in  one  narrow  channel.  And  fuch  is  the 
zeal  of  it’s  profeffors,  that  they  can  feldom  bear 
to  have  thofe  principles  canvaffed  which  they  have 
adopted.  Thus  proving,  that  they  are  void  of 
that  fpirit  of  inquiry  and  liberality,  which,  by 
exciting  the  mind  to  trace  up  effects  to  their  caufes, 
becomes  the  parent  of  difcovery. 

Happy  fhall  1 efteem  myfelf  if  thefe  remarks 
fhould  lead  you  to  a purer  love  of  truth ; and  that, 
inftead  of  inquiring  who  it  is  that  writes,  you 
would  attend  only  to  what  is  written,  and  learn  to 
avoid  the  ftrife  of  formal  difputation  ; or,  as  Bacon 
terms  it,  “ The  giddy  agitation  and  whirlwind  of 
argument,  in  which  victory  is  more  contended  for 
than  truth.” 

3.  To  point  out  to  you  the  boundaries  of 
human  reafon,  and  by  fhewing  you  how  fmall  a 
way  we  penetrate  into  the  nature  of  things,  induce 
you  to  obferve  carefully  and  judge  cautioufly;  en- 
gage you  to  profecute  your  refearches  into  nature, 
with  a juft  conviction  of  the  fallacy  of  your 
fenfcs,  and  the  limited  powers  of  your  under- 
ftanding  ; to  difcourage  the  vain  defire  of  ac- 
counting for  all  phenomena.  Many  phenomena 
in  nature  are  unaccountable,  and  we  muft  fome- 
times  be  humble  enough  to  admire  what  we  can- 
not 
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not  underhand  ; as  we  Survey  the  ocean  with  plea- 
sure, though  we  cannot  fee  the  bottom  of  it. 

Confcious,  therefore,  of  the  fallibility  which 
attends  the  belt  exertions  of  human  reafon ; fen- 
lible  of  the  dafknefs  under  which  the  author  of  all 
knowledge  hath  left  fome  of  it’s  molt  interefling 
and  important  parts  ; and  convinced  that,  as  the 
learch  after  truth  is  your  duty,  and  will  conflitute 
a great  portion  of  your  happinefs,  you  will  al- 
ways enter  upon  the  talk  with  humility,  with 
diligence,  with  defire,  and  all  the  belt  affedtions 
of  the  heart  and  underllanding ; with  hope,  and 
indeed  with  fear.  For  Error  is  open  with  a 
thoufand  w^ays  (whereas  Truth  has  only  one),  and 
as  an  enemy  in  ambufh,  is  prepared  on  all  occafions 
to  turn  you  afide  from  the  diredt  andfuccefsful  road.* 

You  may  be  allured,  that  a philofophy  which 
makes  human  reafon  the  meafure  of  all  things, 
inltead  of  being  founded  on  enlarged  and  Superior 
knowledge.  Hands  on  the  narrow  bottom  of  igno- 
rance, and  as  it  rifes  in  vanity,  will  increafe  in  ab- 
furdity. 

4.  To  exhibit  in  a natural  and  eafy  manner  (as 
we  have  already  informed  you)theprincipal  and  the 
molt  important  of  natural  phenomena,  to  account 
for  their  caufe,and  to  il lull: rate  both  by  experiments. 

It  is  to  be  hoped,  that  from  the  manner  of 
treating  thefe  fubjedls,  your  judgment  will  receive 
an  accellion  of  ftrength  and  acutenefs,  which  it 
may  fuccefsfully  employ  upon  other  objedts  and 
upon  other  occafions. 

Of  Observation  and  Experiment. 

As  in  a former  ledture  I fhewed  you  the  dan- 
gu  and  impropriety  of  indulging  conjecture  and 

framing 

* Tatham’s  Chart  and  Scale  of  Truth,  p.  16. 
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framing  hypothefes,  I {hall  now  on  the  other  fide, 
in  pursuance  of  my  defign,  commence  this  lecdure 
with  feme  remarks  on  the  qualities  that  diftinguifh 
an  obferver  of  nature  from  a mere  experimen- 
tal i ft,  and  point  out  the  difadvantages  that  may 
accompany  both  obfervation  and  experiment,  if 
either  be  too  rigidly  adhered  to,  or  ufed  indepen- 
dent of  the  other.  Neither  obfervation  nor  ex- 
periment are  however  to  be  neglected ; they  ate 
two  fitters  which  have  a reciprocal  necefity  for 
each  other’s  afii fiance. 

The  perfon  who  is  bed  adapted  by  nature 
for  making  philofophical  experiments,  is  gene- 
rally the  lead  fitted  for  drawing  concludons  from 
them.  There  is  a minutenefs,  an  exadtnefs  re- 
quired in  an  experimenter,  which  fnould  not  enter 
too  much  in  his  compodtion,  who  collects  and 
applies  the  refults  ariiing  from  experimental  in- 
quiries. 

The  experimentalid  is  always  difeovering 
little  diderences,  contriving  methods  to  examine 
objects  in  ten  thoufand  various  ways,  and  to  dif- 
tinguifh one  thing  from  another  by  all  poffible 
minutiae. 

But  the  perfon  who  applies  thefe  experiments 
to  the  fupporting  or  explaining  any  phenomena  in 
nature,  diould  be  one  who  fees  many  things  in  one 
view,  and  comprehends,  the  refult  of  many  e deeds 
fpringing  from  the  fame  caufc,  and  who  overlooks 
the  triding  diderences  from  the  accidents  of  time 


and  place. 

The  experiment al-ift  beholds  all  nature  as  par- 
ticles of  dud  dijunited  from,  and  uninfluenced  by 
one  another  ; each  a world  of  it’s  own,  with  pro- 
perties and  qualities  peculiar  to  itfelf. 

The  obferver  fees  all  nature  as  united , as 
actuated  and  moving  upon  one  common  prin- 
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cl  pie,  and  all  the  parts  as  confpiring  to  form  one 
whole. 

They  are  thus  excellently  difcriminated  by  Lord 
Bacon:  ff  The  great  and  radical  difference  of  capa- 
cities, as  to  philofophy  and  the  fciences,  lies  here  ; 
that  fome  are  ffronger  and  fitter  to  obferve  the 
differences  of  things ; others  their  correfponden- 
cies : for  a fteady  and  fharp  genius  can  fix  it’s 
contemplations,  and  dwell  and  fallen  upon  all  the 
fubtilty  of  differences,  whilff  a fublime  and  ready 
genius  perceives  and  compares  the  final  left  and 
moft  general  agreements  of  things  ; but  both  kinds 
eafily  fall  into  excefs,  by  grafping  either  at  the 
dividing  fcale,  or  fhadows  of  things.  The  former 
is  fo  taken  up  with  the  particles  of  things,  as  al~ 
moil  to  negleCt  their  ftruCture,  whilff  the  other 
views  their  fabrication  with  fuch  aftonifhment,  as 
not  to  enter  into  the  fimplicity  of  nature.” 

The  material  world  is  an  immenfe  body,  com- 
pofed  of  an  infinite  number  of  parts,  fo  inter- 
vroven  together  as  to  unite  in  one  common  center. 
There  is  no  infulated  fact  in  nature;  they  are  all 
relative,  having  a double  reference,  as  effects  to 
their  caufes,  and  as  caufes  to  their  effects.  It  is 
the  bufinefs  of  philofophy,  to  point  out  what  ap- 
parently feparates  the  parts,  and  how  they  are  con- 
nected, and  to  trace  thefe  connections  to  the 
principle  of  unity,  w hich  harmonizes  and  connects 
all  the  wrorks  of  creation. 

I will  endeavour  to  render  this  important 
view  of  philofophy  more  clear  to  you,  by  an  ex- 
tract from  a work  of  the  Rev.  Mr.  Jones;  a writer 
in  w hom  you  will  find  great  originality  of  fenli- 
ment,  expreffed  writh  energy  and  cafe ; in  whofe 
hands  the  moft  abftrufe  JubjeCts  are  always  ren- 
dered plain  and  clear.  Cf  Nature,”  fays  he,  {(  is  a 
fyftem  of  parts  related,  and  every  part  ihould  be 

confidered 
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confidercd  under  this  relation,*  without  which, 
neither  the  nature  nor  defign  of  it  can  be  under- 
flood,  lake  the  leg  of  a man,  and  confider  it 
without  any  regard  to  the  body  it  belongs  to,  it 
will  then  have  no  meaning  in  it,  neither  can  he 
that  examines  it  underhand  any  thing  more  of  it 
than  it’s  fubflance  and  figure.  But,  if  you  con- 
fider the  fame  member  with  it’s  relation  to  the 
body,  then  you  difcover  with  admiration,  Firff, 
That  it’s  veffels'  are  fiipplied  with  the  animating 
fluids  of  blood  and  fpirits,  which  keep  up  the 
animal  life  in  it.  Secondly,  That  it’s  mufcles  are 
connedted  with  the  fuperior  parts,  from  whence 
they  derive  their  faculty  of  motion.  Thirdly, 
That  it  is  framed  with  due  {Length  and  exadt  pro- 
portion to  the  weight  of  the  body,  to  preferve  it 
in  an  eredt  portion,  and  tranfport  it  from  place 
to  place.  A limb,  coniidered  under  thefe  rela- 
tions, is  a wonderful  fubjedt,  worthy  to  be  ad- 
mired by  the  anatomift  and  philofopher.  But  if 
you  feparate  it  from  the  body,  it  is  dead,  motion- 
ids,  and  ufelefs.  it  is  the  fame  with  any  member 
of  the  frame  of  nature,  even  fo  much  as  a lingle 
atom,  if  taken  independent  of  the  reft.  If  we 
build  a fyftem  on  matter  fo  independently  con- 
fidered,  we  {hall  raife  fuch  a world  as  never  did, 
nor  can  exift ; and  which,  after  all  our  pains,  will 
be  as  empty  as  it  is  arbitrary.” 

The  experimental  if:  is  apt  to  err  in  another 
point,  and  defpife  all  fy  items,  becaufe  he  has 
neither  compafs  of  thought,  nor  extent  of  genius 
to  fee  and  embrace  the  idea  of  many  conlequences 
from  one  principle.  He  confiders  the  author  of  a 

fyftem 

* Man,  who  is  the  fervant  and  interpreter  of  nature,  can 
aft  and  underftand  no  further  than  he  has,  either  in  operation  or 
contemplation,  oblerved  of  the  method  and  order  of  nature. 

Bacon,  Nov.  Org.  Aph.  i8 
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fyflem  as  a vifionary  in  philofophy,  and  one  who 
is  forming  a new  world  of  his  own  by  the  com- 
bination of  incongruities : he,  therefore,  conti- 
nually 1 abou rs  at  making  new  links,  without  ever 
forming  them  into  a chain. 

On  the  other  hand,  the  fyftematic  writer  too 
often  contemns  the  limited  conceptions  of  the  expe- 
rimenter; he  confiders  him  like  a worm  that,  creep- 
ing from  one  mole-hill  to  another,  fancies  each 
to  be  a diftincft  world,  not  feeing  the  common 
bafis  which  unites  and  fupports  them  all.  He 
fails,  therefore,  in  framing  his  fyflem,  from  inat- 
tention to,  and  negledt  of,  experimental  inquiries  ; 
and  his  building  tumbles  into  ruin,  as  it  wants 
thofe  pegs,  which,  though  frnall,  are  neceffary  to 
hold  the  whole  together. 

Having  fhewn  you  the  danger  that  attends 
a too  rigid  attachment  to  the  fyftematic  or  expe- 
rimental mode  of  examining  natural  phenomena, 
I may  proceed  without  fear  to  trace  the  further 
properties  of  air.  This  fugacious  element  is  a 
rich,  and  almoft  inexhauftible  mine  of  knowledge, 
and  your  labours  therein,  if  vigoroufly  continued, 
will  not  fail  of  their  reward. 


Of  the  Air  lodged  In  the  Pores  of  different 

Substances. 

Four  methods  are  ufed  to  extradl  air  from 
the  pores  of  thofe  bodies  in  wrhich  it  is  engaged. 
1.  By  hoating  the  bodies:  2.  By  cooling  them.: 
3*  % placing  them  under  the  vacuum  of  an  air- 
pump  : 4.  By  diffolving  them  in  fome  menftruum. 

1.  By  heating  the  fubftance  we  may  extract 
the  air  that  is  contained  in  the  pores  thereof.  The 
heat  dilates  the  air  fo  much,  that  it  cannot  be  con- 
tained in  the  pores  of  any  fubftance  wdiofe  pores 
do  not  expand  in  the  fame  proportion.  Hence  it 
is  that  you  fee  it  efcape  from  meat  and  fruits  while 

^ OL*  P K \ roafting. 
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roaffing,  from  wood  in  burning,  and  from  fluids 
in  boiling.  In  the  laft  inftance  you  fee  the  air 
which  is  rarified  by  the  heat  forming  itfelf  into 
bubbles,  and  traverfing  the  fluid,  in  order  to  efcape 
at  it’s  furface. 

2.  When  any  fubftance  is  confiderably  cooled, 
it  is  condenfed,  and  it’s  parts  are  brought  clofer  to- 
gether ; it’s  pores  are  confequently  leflened,  and 
the  air  is  forced  out,  as  we  force  the  water  from  a 
fpunge,  by  compreffing  it. 

3.  The  air  which  is  lodged  in  the  pores  of  any 
fubffance  is  difengaged  when  they  are  kept  for 
fome  time  in  the  vacuum  of  an  air-pump  : when 
the  prelTure  of  the  atmofphere  is  removed  by  the 
air-pump,  the  air  that  was  confined  by  that  pref- 
fure  to  the  bodies  is  let  loofe.  This  I fhall  illus- 
trate by  a variety  of  experiments  on  different  fub- 
fiances. 

4.  The  air  may  be  difengaged  from  many 
fubftances  by  diffolving  them  in  fome  menffruum ; 
for  the  particles  of  the  body  that  is  diflblved,  be- 
ing difunited  and  fubdivided  by  the  dilfolvant, 
the  air  is  no  longer  confined,  and  therefore  efcapes 
with  facility,  as  you  fee,  when  fugar  is  diifolving  in 
water,  and  which  I fhall  further  illufirate  in  the 
courfe  of  this  lecture. 

The  firff  experiment  I fhall  {hew  you  on  this 
fubjedt,  will  be  with  the  clear  water  in  this  jar, 
which  I fhall  place  on  the  plate  of  the  pump  un- 
der a receiver : as  foon  as  the  air  is  a little  ex- 
haufted,  that  which  is  contained  in  the  water 
begins  to  expand  and  rife  in  bubbles,  which  pafs 
through  the  water  ; they  are  linall  at  firft,  but 
grow  larger  as  they  rile  to  the  top  of  the  water ; 
and  they  will  continue  to  rife,  though  more  (lowly, 
almoff  as  long  as  the  pump  continues  to  work. 

I fhall  now  take  away  this  jar,  and  place  an- 
other with  warm  water  under  the  receiver:  when 

the 
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the  preflure  of  the  air  is  taken  off  from  the  furfa.ce 
of  the  water,  that  which  was  contained  therein 
unites  in  the  form  of  bubbles;  and,  being  acted  on 
at  the  fame  time  by  the  heat,  the  bubbles  expand, 
and  rife  with  fo  much  violence  as  to  carry  with 
them  a thin  portion  of  the  fluid,  and  occafion  an 
appearance  of  ebullition  on  the  water,  fimilar  to 
that  of  boiling.  When  the  fluids  are  of  a more 
vifcous  nature,  as  beer,  ale,  &c.  the  bubbles  of  air 
cannot  burft  their  cafes,  and  the  fluid  is  formed 
into  froth. 

I place  a jar  of  new  ale  under  the  receiver  ; 
as  foon  as  I begin  to  work  the  pump  the  ale  is 
filled  with  bubbles  of  air,  which  rife  copioufly 
from  every  part;  and,  being  coated  with  the  vifcid 
particles  of  the  ale,  are  prevented  from  burfting, 
and  form  on  the  furface  thereof  a white  frothy 
head. 

Here  are  a variety  of  fubflances  that  I have 
put  into  different  jars  with  water,  in  order  to  place 
them  under  a receiver  and  exhauft  the  water  there- 
from. "I  he  air  lodged  in  the  pores  of  thefe  fub- 
flances is  as  denfe  as  that  of  the  furrounding  at- 
mofphere,  becaufe  it  fuftains,  and  is  a counterbal- 
ance to  the  preflure  thereof  : as  foon,  however, 
as  it  is  freed  from  this  preffure,  it  expands  and 
efcapes  in  great  quantities  from  the  pores  in  which 
it  was  confined.  The  water  is  ufed  to  render  the 
efcape  of  the  air  vifible ; the  air,  as  you  have  feen 
in  the  preceding  experiments,  aflumes  in  it’s  paf- 
fage  the  form  of  fo  many  globules,  a fhape  that 
any  other  fluid  would  aflume  where  it  is  prefled 
equally  in  every  direction  by  another  fluid.  The 
water  you  ufe  in  thefe  experiments  fliould  be  pre- 
vioufly  deprived  of  it’s  air,  either  by  extracting  it 
therefrom  by  an  air-pump,  or  by  boiling  it,  which 
Will  anfwer  equally  well. 

Let  us  place  this  new-laid  egg  (that  is  in  a iar 
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covered  with  water)  under  a receiver.  As  I w7orfc 
the  pump  the  furface  of  the  egg  is  covered  with 
fmall  pearly  bubbles  of  air,  w hich  feparate  by  de- 
grees, and  rife  to  the  furface  of  the  wrater  : at  cer- 
tain parts  of  the  egg  you  perceive  fmall  jets  of  air, 
which  are  formed  by  a continual  fucceflion  of  thefe 
globules.  The  fhell  of  an  egg  is  porous,  and  in  a 
few  days  a part  of  it’s  internal  lubftance  will  eva- 
porate ; this  is  foon  replaced  by  the  air  w7hich 
furrounds  it.  The  air  contained  in  the  egg  will 
not  efcape  fo  long  as  it  is  retained  by  the  preffure 
of  the  atmofphere ; but,  when  this  prefiure  is  di- 
minifhed,  then  the  internal  air  expands,  and  endea- 
vours to  pafs  out,  and  thus  difcovers  to  us  the  pores 
in  the  fhell.  I fhewred  ‘you  in  LeCture  II.  p.  42, 
the  bubble  of  air  at  the  large  end  of  the  egg, 
which  bubble  is  one  of  the  means  ufed  by  nature, 
for  bringing  to  perfection  the  chicken  which  is 
contained  in  embryo,  in  what  we  ufually  call  the 
treadle  of  the  egg.  The  warmth  communicated 
by  the  hen  to  the  air  in  this  bubble  expands  and 
puts  it  in  motion ; the  air  reciprocally  prefles  on 
and  communicates  this  motion  to  the  egg,  w’hich, 
in  fome  unknown  manner,  promotes  the  formation 
of  the  chicken.  When  the  large  end  of  the  egg 
feels  cold  to  the  tongue,  it  is  a proof  that  the  egg 
is  bad/that  the  air  and  milky  fubftance  thereof 
has  efcaped;  in  confequence  of  which  the  egg 
becomes  ftale,  putrid,  or  addled.  M.  Reaumur , 
the  famous  French  naturalift,  who  feldom  confined 
his  fpeculations  to  mere  curiofity,  has  ftiewn,  that 
by  flopping  up  the  pores  of  an  egg  w7ith  varnilh, 
or  a flight  covering  01  mutton  fuet,  it  may  be  pie- 
ferved  perfectly  frefh,  and  generally  even  fit  for 
incubation  five  or  fix  months  after  it  has  been 

laid.  # 

This  piece  of  wTood  is  fixed  to  a weight,  to 

keep  it  immerged  in  the  water.  I place  it  in  a 
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jar  under  the  receiver,  and  the  air  contained  in  the 
pores  of  the  wood  rifes  in  great  quantities  in  fine 
dreams.  You  will  find  the  fame  appearances 
from  moft  fubftances,  which  you  may  try  at  your 
leifure. 

Here  is  a long  piece  of  wood  fixed  to  this 
piece  of  brafs ; the  brafs  ferves  to  cover  the  top 
of  an  open  receiver : the  long  part  of  the  piece  of 
wood  is  immerged  in  the  jar  of  water,  (fig.  1,  p/.  3,) 
while  the  upper  part  is  expofed  to  the  open  air. 
Place  your  thumb  upon  the  top  of  the  wood  to 
cut  off  it’s  communication  with  the  air  : w hile  I 
work  the  pump,  you  fee  the  air  contained  in  the 
pores  of  the  wood  rufh  through  the  wrater,  as  in 
the  preceding  experiment.  Take  off  your  thumb, 
and  a vaft  flream  of  air  flow  s in  through  the  wood  ; 
by  alternately  taking  away,  and  placing  your 
thumb  on  the  w ood,  you  will  alternately  interrupt 
and  permit  the  influx  of  air.  This  experiment 
iliews  that  wood  is  pervious  to  air,  and  that  tfye 
courfe  of  the  air-veffels  is  lengthwife. 

This  wooden  cup  is  contrived  to  fit  on  the 
top  of  an  open  receiver : to  the  bottom  of  this 
cup  a piece  of  wood  is  fitted  (fig.  3,  pi.  3.)  I 
fhall  place  the  cup  upon  an  open  receiver,  pour 
fome  quickfilver  in  it,  and  then  exfiauft  the  air 
from  the  receiver.  This  being  fufftciently  ex- 
hauffed,  I pull  out  this  plug,  which  lets  the  mer- 
cury come  to  the  top  of  the  piece  of  wood  : the 
air  you  fee  forces  itfelf  through  the  pores  thereof 
in  fuch  fine  ffreams,  as  to  form  a fhowrer  of  filver. 
Here  is  another  cup  furnifhed  at  bottom  with  a 
piece  of  buff-fkin ; by  placing  this  on  a receiver, 
and  exhaufting  the  air  as  before,  we  procure  an- 
other fhower  of  mercury. 

A piece  of  wood,  confidered  according  to 
it’s  length,  is  a collection  or  bundle  of  fibres  in- 
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eluded  within  the  bark,  which  ferves  as  a common 
tegument : how  fmall  foever  thefe  ligneous  fibres 
lna>  ^ is  plain,  from  the  preceding  experi- 
ments, that  there  are  interfaces  between  them> 
forming  fo  many  little  canals  or  tubes  through 
which  the  air  and  quickfilver  palled. 

It  is  owing  to  the  porolity  of  wood  that  it  is 
liable  to  fuch  a variety  of  changes  in  it’s  volume 
or  bulk.  It  is  hence  that  wainfeotting  in  new 
buildings,  and  other  joiners’  work,  which  are  not 
made  of  feafoned  fluff;  often  cleave  with  a great 
crack,  and  the  joints  lofe  their  exadtnefs  and  fo- 
lidity,  and  many  other  inftances  that  will  eafily 
occur  to  your  recollection  ; for  all  thefe  effects 
arife  from  an  increafe  of  dimenfion  by  moifture, 
or  diminution  by  drynefs.  The  experiment  with 
a piece  of  buff-fkin  proves  the  extreme  po- 
rolity of  the  fkin  of  animals : the  quantity  of 
matter  which  is  thrown  off  from  the  human  body, 
through  the  pores,  is  really  furprizing.  From  the 
experiments  of  Sanctorius,  and  others,  it  appears, 
that  ol  eight  pounds  of  nourifhment,  which  a man 
may  have  taken  in  twenty-four  hours,  infenlible 
tranfpiration  carries  off  five  of  them. 

Here  is  a fmall  piece  of  wood  cut  fmooth 
at  each  end,  and  immerged  in  a bafon  of  quick- 
filver ; thefe  I place  under  a receiver:  on  exhauft- 
ing  the  air,  what  is  in  the  wood  flies  out  of  the 
pores  palling  through  the  mercury ; on  letting  in 
the  air  again,  it  will  fall  with  fo  much  force  upon 
the  mercury,  as  to  inject  it  through  all  the  pores  of 
the  wood. 

It  is  very  probable  thatRuifch  and  Lieberkuhn 
made  ufe  of  the  prefliire  of  the  atmofphere  for 
injecting  fluid  fub fiances  into  the  fmaller  velfels  of 
the  human  body,  which  has  rendered  fome  of  their 
anatomical  preparations  fo  famous.  The  method 
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they  11  fed  is  not  known,  but  a Dr.  Beuth  is  faid 
• to  have  recovered  it,  and  deferibed  the  manner.* 

There  only  remains  to  fhew  you  that  the  air 
contained  in  the  pores  of  different  fubftances,  may 
be  difengaged  by  dilfolving  them  in  any  menffruum. 
The  particles  of  the  body  to  be  diflolved  are  dif- 
united  and  fubdivided  by  the  diffolvant,  and,  the 
air  being  no  longer  confined,  efcapes  with  facility. 
The  following  experiment,  which  you  may  make 
any  where,  wants  no  apparatus  but  a tumbler 
of  water  and  a deep  dilli  or  bafon.  As  the  expe- 
riment is  of  confiderablc  importance,  and  the  ex- 
pert management  thereof  will  be  neceffary  when 
you  come  to  conlider  the  nature  of  elaftic  fluids,  I 
ihall  be  very  full  thereon. 

To  convey  Air  from  one  Vessel  to  another. 

Take  any  common  glafs  receiver,  vial,  &c, 
fill  it ; put  your  finger,  or  open  hand,  on  the  mouth 
of  it,  fo  as  not  to  let  any  water  drop  out,  and  in- 
vert it  in  a bafon  of  water ; taking  care  that  the 
mouth  of  the  vefiel  may  be  a little  w ay  below  the 
furface  of  the  w^ater  in  the  bafon  ; then  flip  aw’ay 
your  hand,  and  the  glafs  veffel  will,  as  you  fee, 
remain  filled  with  the  w^ater.  The  weight  of  the 
atmofphere  prdfing  upon  the  water  in  the  bafon 
fuftains  the  water  in  the  glafs. 

If  I wifhed  to  introduce  fome  common  air 
into  this  glafs  receiver  filled  with  water,  which 
Hands  in  a deep  velfel  of  water,  and  preferve  it 
there  detached  from  the  general  mafs,  I proceed 
in  the  following  manner:  I take  a fmall  velfel,  as 
this  tea-cup,  filled  only  with  air,  plunge  it  in  the 
water  ol  the  bafon  with  the  mouth  downwards, 
which  prevents  the  air  from  efcaping  ; I then  lift 
the  glafs  from  the  bottom  of  the  bafon,  but  not 
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fo  high  as  to  come  out  of  the  water,  bringing  the 
cup  under  it,  and  then  turning  the  mouth  thereof 
downwards ; the  air  is  then  forced  out  of  it  by  the 
water,  and  afcends  to  the  upper  part  of  the  glafs  : 
being  here  confined  by  the  wrater,  you  may  keep 
it  for  any  length  of  time.  I now  take  away  the 
cup,  and  fet  the  glafs  down  again  on  the  bottom  of 
the  bafon.  The  method  of  thus  conveying  air 
and  confining  it  being  explained,  I return  to  the 
experiment  of  fhewing  you  the  air  difengaged  from 
fubftances  by  diffolution.  I firfb  inverted  this 
tumbler  filled  with  water,  as  before  directed  : I 
put  a piece  of  fugar  under  the  tumbler  ; and  you 
fee  that,  while  it  is  diffolving,  bubbles  of  air  are 
continually  efcaping  from  it ; that  they  rife  from 
the  top  to  the  bottom  of  the  jar,  forcing  the 
water  out  by  their  expanfion,  and  occupying  the 
/pace  it  quits.  Thus  have  I {hewn  you  that  air, 
or  l'ome  elaftic  fluid,  is  combined  with,  and  forms 
a part  of  moft  fubftances,  and  may  be  difengaged 
from  them  by  one  or  other  of  the  four  methods 
juft  deferibed. 

This  combination  is  an  objeCt  worthy  of  ad- 
miration : you  here  find  a large  quantity  of  an 
elaftic  fluid,  which,  when  difengaged,  occupies  a 
fpace  many  times  larger  than  the  fubftance  from 
which  it  was  extracted  ; yet,  when  combined 
therewith,  is  fo  far  from  tearing  it  to  pieces,  or 
even  inflating  it,  that  it  appears  in  feveral  in- 
fiances  to  be  neceliary  to  it’s  coheiion  and  con- 
fiitency. 

You  have  feen  how  foon  water  began  to  boil 
under  the  receiver  of  an  air-pump,  and  that  with 
a heat  confiderably  lefs  than  is  nccelfary  for  the 
ordinary  production  of  ebullition.  Indeed,  with- 
out the  prelfure  of  the  atmofphere,  water  would 
begin  to  boil  with  an  ordinary  heat,  and  would  be 
transformed  into  a vapour,  having  it’s  particles 
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fc altered  indefinitely  through  the  furrounding 
fpace ; an  incumbent  preffure  retards  the  pro- 
dudtion  of  vapour  from  thofe  fubftances,  which 
yield  it  naturally  while  under  lefs  preffure.  Thus 
fermenting  liquors  yield  a great  quantity  of  elaftic 
fluid  under  the  ufual  gravity  of  the  atmofphere ; 
but  the  production  thereof  is  confiderably  retarded 
in  condenfed  air . In  like  manner,  fruits  included 
in  a receiver  wherein  the  air  is  much  condenfed, 
do  not  yield  the  fame  quantity  of  air  they  are  wont 
to  do  in  a lefs  denfe  medium. 

In  moft  cafes,  if  the  fubftance  from  which 
the  air  has  been  extracted  be  expofed  again  to  the 
air,  it  regains  fooner  or  later  what  it  had  loft. 
M.  Mariotte  proved  this  circumftance  by  a vtry 
fimple  experiment,  that  you  may  repeat  at  your 
leifure.  For  this  purpofe  he  extracted  the  air 
from  a quantity  of  water  ; firft,  by  boiling  it,  and 
afterwards  keeping  it  fome  time  in  vacuo  ; he  then 
filled  a phial  with  this  water,  inverted  it,  placing 
the  mouth  under  water;  letting  after  this  a bubble 
of  air  into  it,  according  to  the  method  explained. 
The  bubble  of  air  diminifhed  by  degrees;  in  three 
days  it  was  entirely  vanifhed ; which  proves  that 
the  air  had  been  abforbed,  or  had  by  fome  means 
infinuated  itfelf  into  the  pores  of  the  water. 

Of  the  Air’s  Resistance. 

The  frame  in  my  hand  contains  two  mills, 
(fig.  4,  pi.  3,)  each  of  which  has  the  fame  number 
of  vanes  (or  fails)  of  the  fame  weight,  and  of  the 
fame  length  and  breadth ; with  this  difference, 
that  in  one  the  vanes  are  fixed  edgewife,  fo  as  to 
cut  the  air  with  only  a thin  edge  ; the  other 
breadthwife,  meeting  the  air  with  the  whole  of 
it’s  furface.  This  fpring  preffes  ftrongly  againft 
the  two  pins  which  are  fixed  to  the  naves  of  the 
mills  : the  piece  which  holds  them  preffes  equally 
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againft  them,  and  thus  gives  them  an  equal  im-* 
pulfe ; w hen  I fet  them  in  motion,  they  both  begin 
to  move  with  equal  velocity  : the  one  which  meets 
the  air  with  it’s  whole  furtace  now  moves  flower 
than  the  other: — it  has  hopped  ; whereas  the  other 
hill  continues  to  move.  We  learn  from  this  ex- 
periment, two  things;  i ft.  That,  the  air  is  a re- 
lifting medium ; 2d.  That  it  refills  in  proportion 
to  the  furface  oppofed  to  the  air : for  the  mill 
which  met  and  divided  the  air  by  the  edge,  having 
lefs  air  to  remove,  met  with  lefs  refinance,  and 
continued  to  move  longer.  Hence  you  fee,  that 
the  fame  mafs  may  meet  with  a different  refin- 
ance in  the  fame  medium,  according  as  it  prefents  to 
it  a greater  or  a lelfer  furface  : hence  alfo  you  will 
obferve,  that  a waterman  makes  his  oar  aft  on  the 
flat  or  broad  fide,  when  he  ufes  the  refillance  of 
the  water,  to  pulhhim  on  ; but  that  he  lifts  it  out 
by  the  edge,  that  he  may  have  lels  weight  to  fur- 
mount. 

This  experiment  will  receive  additional  force, 
if,  at  your  leifure,  you  place  your  mills  under  the 
receiver  of  an  air-pump,  and  when  the  air  is  ex- 
haufted  put  the  mills  in  motion  ; the  refilling  me- 
dium being  removed,  they  will  both  flop  at  the 
fame  time. 

The  experiment  with  the  guinea  and  feather 
is  one  of  the  molt  celebrated  among  thofe  made 
with  the  air-pump.  This  apparatus  (fig.  i o,  pi.  3,) 
is  fo  contrived  as  to  let  the  guinea  and  feather  fall 
at  the  fame  inflant  from  the  upper  part  of  the  re- 
ceiver. The  experiment  may  be  repeated  three 
times  without  taking  off  the  apparatus,  or  ex- 
haulting  the  air  afrefh,  the  apparatus  being  fo 
con  Unified  as  to  let  three  guineas  with  their  lea- 
thers, fall  feparately  at  three  different  times. 

To  make  the  effefl  more  fenfible,  I fhall  let 
cne  guinea  and  feather  fall  while  the  air  is  in  the 
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receiver,  and  you  fee  the  guinea  reaches  the  bot- 
tom in  an  inftant,  but  the  feather  defcends  gently, 
and  with  an  indirect  motion,  to  the  bottom.  I 
ihall  now  exhauft  the  receiver: — it  is  ready:  look 
ftedfaftly  at  the  bottom  of  the  glafs,  and  you  will 
perceive  the  guinea  and  feather  arriving  at  the 
fame  moment  on  the  plate  of  the  pump ; proving 
that  a light  body  falls  juft  as  faft  as  a heavy  one, 
in  an  unreftfting  medium. 

Birds  make  ufe  of  the  reftftance  of  the  air  to 
facilitate  their  motions,  in  the  fame  manner  as 
fifties  make  ufe  of  the  water;  by  ftriking  the  air 
with  their  wings  they  move  forwards,  their  tail 
ferving  as  a rudder  to  diredt  their  courfe.  The 
breaft-bone,  inftead  of  being  flat,  rifes  gradually 
from  the  fpine,  and  terminates  in  a ftiarp  keel, 
which  enables  them  to  cut  the  air  with  greater  fa- 
cility : for  the  fame  purpofe  the  heads  of  birds 
are  proportionably  fmaller  than  thofe  of  qua- 
drupeds, and  moft  of  them  terminate  in  light 
lharp-pointed  beaks.  But,  as  the  reftftance  ol  the 
air  is  lefs  than  that  of  water,  it  muft  be  ftruck 
w'ith  more  fwiftnefs,  or  with  a greater  furfacc. 
Hence  you  find  that  thofe  birds  which  fly  for  a 
long  time,  and  far,  as  fvvallows,  &c.  have  gene- 
rally fmall  bodies,  many  feathers,  and  large  wings  ; 
while  thofe  of  a fhorter,  or  lefs  frequent  flight, 
have  commonly  more  flefh  and  lefs  wings  in  pro- 
portion. The  latter,  on  obfervation,  you  will 
find  beat  their  wings  oftener  than  the  others,  in 
flying.  Sparrows,  chaffinches,  goldfinches,  linnets, 
&c.  fly  as  it  were  by  ftarts,  and  do  not  fupport 
themfelvcs  long  in  the  fame  direction.  Their 
wings  cannot  raife  and  fuftain  their  bodies,  but 
by  a velocity  in  their  motions,  which  they  are 
obliged  often  to  intermit:  during  the  intermiftion 
their  weight  gains  upon  them,  and  they  lofe  part 
oi  that  elevation  they  had  before  obtained,  fo  that 
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their  flight  is  only  a fucceflion  of  jerks  and  Parts. 
There  are  birds  which  fupport  themfelves  for  fomq 
time  at  the  fame  height  without  fecming  to  move 
their  wings  ; this  is  called  planeing.  There  is 
little  doubt  but  that  they  move  their  wings  at  this 
time  ; but  then  the  vibrations  thereof  are  fo  quick 
and  fo  fhort,  that  they  cannot  be  perceived  on  ac- 
count of  the  greatnefs  of  the  diftance.  You  will 
obferve  that  thefe  planeing  birds  are  obliged  from 
time  to  time  to  regain  that  height*  by  a flight  in 
the  common  way,  which  they  have  infenflbly  loA ; 
and  they  then,  by  flower  and  more  extenfive  mo- 
tions, repofe  as  it  were  the  mufcles  that  have  been 
fatigued  by  thefe  fhort  and  frequent  motions. 

The  refiftance  of  the  air  is  a matter  of  great 
importance  in  the  theory  of  gunnery,  and  allow- 
ance muft  be  made  for  it  in  all  it’s  calculations. 
And  though  every  well-difpofed  mind  is  defirous 
of  difcouraging  any  improvements  in  the  inftru- 
ments  of  death,  yet  muft  the  ftudy  of  arms  be 
continued  and  promoted  till  thofe  times  come. 
When  nation  fit  all  not  lift  up  J word  again jl  nation , 
neither  /ball  they  learn  war  any  more . The  nature 
of  the  refiftance  of  the  air,  and  the  method  of  in- 
veftigating  it,  are  too  abftrufe  and  delicate  to 
make  a part  of  our  lectures.  I can  only  drop  a 
hint  or  two  to  fhew  you  the  magnitude  of  it’s  ef- 
fects ; and  hence  the  importance  of  fome  branches 
of  fcience,  which  might  otherwife  appear  to  you 
but  of  little  ufe.  Cannon  or  mufket-fhot  pro- 
jected with  velocities  from  400  to  1600  feet  in  a 
fecond,  by  their  great  velocity  leave  behind  them, 
during  their  pafi'age  through  the  air,  a partial  va- 
cuity : but  when  the  velocity  is  equal  to  1600 
feet  in  a fecond,  the  fpace  defcribed  by  the  ball,  as 
it  moves  along,  may  be  called  an  abfolute  vacuum; 
confequently,  a ball  moving  with  this  velocity, 
muft  be  refitted  by  the  whole  weight  of  the  at- 

mofphere. 
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mofphere,  exclufive  of  the  effect  derived  from  the 
air  difplaced.  Mr.  Robins  found  that  this  reftft- 
ance  on  the  ball  of  an  iron  24-pounder,  whofe 
diameter  is  nearly  5 \ inches,  amounted  to  54 o 

is  another  circumftance  which  increafes 
the  refinance  in  bodies  moving  wdth  great  velo- 
cities; fuch,  for  inftance,  as  1800  or  2000  feet  in 
a fecond : for  the  air  before  the  ball  being  in  this 
cafe  condenfed,  exerts  a force  of  elafticity  againft: 
it,  in  proportion  to  the  compreffion.  This  elaftic 
force  of  the  air,  when  exerted  againft  bodies  of 
fmall  weight,  but  moving  with  confiderable  ve- 
locity, may  become  fo  great  in  proportion  to  the 
weight,  as  not  only  to  deftroy  the  motion  com- 
municated, but  even  to  repel  them ; which  is  fre- 
quently obferved  to  happen  when  very  fmall  Ihot 
are  discharged  by  a large  quantity  of  powder ; in 
which  cafe  the  {hot  returns  back  in  a direction 
contrary  to  that  in  which  they  were  projected. 

Air  useful  in  Respiration. 

Your  own  obfervations  and  experience  have 
{hewn  you  that  the  organization  of  the  human  frame 
is  a fubject  worthy  of  the  moft  ferious  attention. 
The  nature  of  the  prefent  lecture  leads  me  to  ex- 
plain fome  parts  thereof,  and  to  confider  fome  of 
thofe  procefles  that  are  carrying  oil  within  it  for 
the  maintenance  of  it’s  oeconomy.  You  breathe 
continually,  and  you  are  fenfible  you  could  not  live 
without  breathing;  fo  that  to  live  and  to  breathe 
have  been  confidered  as  fynonymous  terms.  "Thou 
takeft  away  the  breathy  fays  the  Pfalmift,  and  they 
die.  This  operation,  which  of  all  the  adts  of  ani- 
mal life,  is  one  of  the  chief  and  moft  nec chary, 
is  in  general  called  refpiration.  It  conftfts  of  two: 
adtions';  one,  by  which  we  draw  air  into  the  lungs; 
the  other,  by  which  we  expel  it  from  them. 

The 
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The  former  of  thefe  is  called  infpiration , the  Iattef 
expiration  ; motions  that  are  more  evident  or  fen- 
fible  than  any  other  that  are  performed  within 
the  body.  They  begin  the  moment  we  are  born, 
and  continue  as  long  as  we  live.  They  are  partly 
voluntary,  and  partly  involuntary  ; continuing  dur- 
ing deep  and  apoplexy,  when  the  will  has  no 
power  ; but  we  can  on  the  other  hand  increafe, 
diminifh,  accelerate,  or  retard  thefe  motions  as 
often  as  we  pleafe.  The  digeftion  of  our  food — 
the  circulation  of  the  blood,  fecretion,  and  ab- 
forption,  though  all  effential  to  animal  life,  are 
not  fufficient  to  preferve  it  a few  minutes,  without 
the  conflant  flowing  of  frefh  air  into  the  lungs, 
and  it’s  reflux  into  the  atmofphere. 

The  organs  of  refpiration  acted  upon  by  the 
air,  are  as  the  firfl:  wheel  in  a machine  which  re- 
ceives the  moving  power.  Heat  preferves  the 
fluidity  of  the  blood  and  humours,  and  acts  as  an 
expanding  force  in  the  ftomach,  heart,  and  blood- 
veflels;  which  force  is  counteracted  from  without 
by  the  atmofpherical  preflu  re ; for  the  want  of 
which,  the  veflels  would  be  ruptured  by  the  pre- 
vailing force  within. 

Animal  life,  confldered  only  as  motion,  is 
maintained  like  the  other  motions  of  nature,  by  the 
adtion  of  contrary  forces ; in  which  there  is  this 
wonderful  property,  that  neither  appears  to  have 
the  priority,  and  whole  joint  efteCt  is  a motion, 
which,  in  theory , is  perpetual.  The  flame  of  a 
candle  cannot  burn  without  fire,  nor  be  lighted 
without  air;  which  of  thefe  is  firfl:  we  cannot 
fay,  for  they  feem  co-inftantancous,  and  they  work 
together  till  the  matter  fails  which  they  work 
upon.  Thus  alfo,  when  the  animal  is  born  into 
the  w'orld,  and  the  candle  of  life  is  lighted  up,  it 
is  difficult  to  give  any  precedence  to  the  elemen- 
tary 
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tnry  powers  by  which  it  is  fupported.  The  weight 
of  the  atmofphcre  forces  into  the  lungs  (as  Icon 
as  they  are  expofed  to  it’s  adtion)  that  air  which 
is  the  breath  of  life;  but  this  could  not  happen, 
unlefs  the  more  fubtil  element  of  fire  were  to  oc- 
calion  a rarifadtion  within  ; and  this  reciprocation 
once  begun  is  continued  through  life,  though 
it  will  fail,  if  the  adtion  of  the  elements  upon  it 
ccafe.* 

Air  is  as  eflential  to  the  combuflion  of  bo- 
dies as  to  the  lupport  of  animal  life ; lo  much 
fo,  that  even  thofe  which  are  the  moft  com- 
buflible  will  not  flame,  but  in  contadt  with  air; 
and  thofe  which  are  already  inflamed  are  extin- 
guifhed  on  being  deprived  of  it.  Thus,  if  a 
candle  be  put  under  a clofe  receiver,  it  will  be  ex- 
tinguished in  a longer  or  fhorter  time,  according 
to  the  quantity  of  air  contained  in  the  receiver, 
and  the  lize  of  the  candle.  You  know,  on  the 
other  hand,  how  much  fire  is  quickened  and  in- 
creafcd  by  a blaft  of  air ; fo  that  air  is  not  only 
necefiary  to  the  adtion  of  fire,  but  it  would  feem 
that  the  adtion  of  fire  in  general,  is  the  joint  adtion 
of  air  and  fire  together.  It  follows  alfo,  from 
what  has  been  faid,  that  a candle  will  burn  but  for 
a fhort  time  in  rarifiedair,  and  not  at  all  in  vacuo. 
Air  is  not  only  necefiary  for  the  lupport  of  animal 
life  and  combuflion,  but  it  is  alfo  necefiary  that  the 
air  be  good,  for  contaminated  air  is  as  pernicious 
to  both  as  a vacuum.  There  is,  you  fee,  a ftriking 
relation  between  the  flame  of  a candle,  and  the 
principle  of  life  in  an  animal  body  ; they  are  both 
iupported  by  air,  and  the  fame  contaminated  air 
that  puts  out  the  candle,  extinguiflies  animal  life ; 
and  that  air  which  is  too  much  rarified  to  keep  a 
candle  burning,  is  infufficient  for  refpiration. 

There 


* Jones’s  Sermons,  vol.  ii.  p,  92. 
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There  is  no  animal  founds  how  feemingly  tor-* 
pid  foever  it  may  be,  that  does  not  require  a need- 
ful fupply  of  air,  the  great  parent  of  health  and 
difpenfer  of  light  and  warmth.  Even  fifhes,  which 
are  furnifhed  with  magazines  of  air,  and  w ith  the 
means  of  appropriating  to  themfelves  that  which 
is  diffeminated  in  the  water,  rife  from  time  to 
time  to  recruit  their  flock,  and  will  live  but  a 
little  time  in  water  from  whence  the  air  is  ex- 
tracted. Some  animals  bear  indeed  a vacuum 
better  than  others.  Thofe  which  have  two  ven- 
tricles to  the  heart,  as  man,  quadrupeds,  birds,  and 
probably  cetaceous  fillies,  perifh  therein  in  a fewr 
minutes  ; w?hile  thofe  which  have  only  one  ven- 
tricle, as  reptiles  and  fifh,  live  in  a vacuum  for  fe- 
veral  hours.  Belides  the  deprivation  of  air  in  a 
vacuum,  there  are  other  caufes  which  render  it 
deltruCtive  of  life : among  thefe  is  the  dilatation 
of  the  air  lodged  in  the  cavities  of  the  body,  as 
well  as  that  contained  in  the  pores  of  the  fluids ; 
for  this,  being  no  longer  fubjeCt  to  the  preffure  of 
the  atmofphere,  expands  and  feparates  the  fluids 
in  the  capillary  vcflels,  and  often  burfts  them. 

Many  animals  have  been  tortured  in  a re- 
ceiver, merely  to  obferve  their  manner  of  dying ; 
thus  have  men  gratified  curioflty  at  the  expence 
of  humanity;  and  that  too  often  without  any  pro- 
bability of  extending  the  bounds  of  fcience,  or 
promoting  the  good  of  mankind.  No  rational 
excufe  can  be  given  for  depriving  a poor  creature 
of  it’s  life,  (the  greatefi:  boon  that  nature  can 
bellow,)  or  even  to  put  it  in  pain,  but  an  objedt 
of  utility;  he,  who  can  from  thence  procure  be- 
nefits for  the  higher  orders  of  animated  beings, 
may  be  permitted  to  exert  the  powders  he  pofleifes 
over  the  inferior  orders  of  life  : but  he  greatly 
errs,  if  he  fuppofes  thefe  powers  may  be  ufed  to 

gratify 
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gratify  wanton  curiofity,  or  the  fports  of  an  inor- 
dinate fancy. 

I {hall  therefore  only  relate  to  you  one  inftance 
among  many:  Mr.  Boyle  took  a new-caught  viper, 
and,  (hutting  it  up  in  a fmall  receiver,  extracted  the 
therefrom:  at  firfl,  upon  the  air’s  being  drawn 
away,  it  began  to  fwell  ; fome  time  after  he  had 
done  pumping,  it  began  to  gape  and  open  it’s 
jaws ; it  then  refumed  it’s  former  lanknefs*  and 
began  to  move  up  and  down  within  the  receiver, 
as  "if  to  feek  for  air.  After  a while  it  foamed  a 
little,  leaving  the  foam  flicking  to  the  infide  of  the 
glafs : loon  after  the  body  and  neck  grew  prodi- 
gioufly  tumid,  and  a bliller  appeared  upon  it’s 
back.  In  an  hour  and  an  half  after  the  receiver 
was  exhaufled,  the  diftended  viper  moved,  being 
yet  alive,  though  it’s  jaws  remained  quite  dif- 
tended ; it’s  black  tongue  reached  beyond  the 
mouth,  which  v7as  alfo  grown  blackifh  in  the  in- 
iide ; and  in  this  fituation  it  continued  for  three 
hours : but  upon  the  air’s  being  re-admitted,  the 
viper’s  mouth  was  prefently  clofed,  and  foon  after 
opened  again ; thefe  motions  continuing  for  fome 
time,  as  if  there  were  Hill  fome  remains  of  life. 
It  is  thus  with  animals  of  every  kind;  even  mi- 
nute microfcopical  infedts  cannot  live  without  air. 

The  moll  interefting  fadls  relating  to  corn- 
bullion,  and  even  animal  life,  may  be  illullrated  by 
a few  experiments.  Stick  a flraight  piece  of  wax 
taper,  about  four  inches  long,  upon  a large  cork  : 
then  take  an  empty  quart  bottle,  and  hold  it  by  the 
neck  in  an  inverted  polition ; light  the  taper, 
and  introduce  it  quickly  into  the  bottle,  taking 
care  not  to  put  it  out  by  touching  the  fides  of  the 
bottle:  the  cork  being  large,  clofes  the  mouth, 
and  prevents  the  entrance  of  any  air  from  with- 
out. You  have  performed  this,  and  you  obferve 
that  the  flame  of  the  taper  contracts,  grows  dim, 
Vol.  I.  £1  and 
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and  in  about  one  quarter  of  a minute  goes  out. 
Now  withdraw  the  taper,  clofing  the  mouth  of 
the  bottle  with  your  thumb  : iight  the  taper 

again,  and  flipping  off  your  thumb,  introduce  it 
into  the  bottle,  and  you  will  fee  that  it  will  be 
immediately  extinguished  ; the  air  being  fo  vi- 
tiated as  to  be  incapable  of  a flirting  the  flame.  If 
you  wifh  to  preferve  the  air  in  the  bottle,  and  try 
the  experiment,  when  the  fmoke  is  fublided, 
either  cork  the  bottle  carefully,  or  place  it  in  an 
inverted  pofition,  with  the  mouth  under  water. 

Put  eight  or  ten  pieces  of  money  one  upon 
another,  in  a bafon,  fo  as  to  form  a fmall  pile  or 
pillar  therein  ; on  thefe  put  feme  cotton  or  pieces 
of  paper,  with  a little  brimftone  ; then  pour  water 
into  the  bafon,  fo  as  to  reach  about  one-fifth  or 
one-fixth  part  of  the  height  of  the  pillar  of  mo- 
ney. After  this  invert  a large  plain  glafs  tum- 
bler upon  the  cotton  and  it’s  Support.  You  muft 
incline  the  tumbler  while  you  are  putting  it  down, 
in  order  to  let  fomc  water  in,  and  fome  air  go  out, 
and  make  a mark  on  the  outfidc  of  the  tumbler, 
exacrtly  coinciding  with  the  level  of  the  water 
within.  This  being  done,  let  us  take  this  appa- 
ratus into  the  funfhine ; and  by  means  of  a burn- 
ing-glafs,  throw  the  collected  rays  of  the  fun  upon 
the  cotton  and  fulphur.  We  have  thus  inflamed 
them ; the  air  within  being  rarified  by  the  heat 
of  the  inflamed  fubftance  depreffes  the  water. 
It  will  fometimes  force  it’s  way  out : to  prevent 
this  you  rtiould  only  ufe  a fmall  quantity  ot  com- 
burtible  matter,  and  let  the  water  come  up  pretty 
high,  within  the  tumbler,  previous  to  the  appli- 
cation of  the  lens.  Having  given  you  this  cau- 
tion, let  us  obferve  our  apparatus : it  is  now  be- 
come as  cool  as  it  was  at  firff,  and  you  fee  the 
water  within  the  tumbler  is  rifen  above  the  mark  3 
flic  wing  that  the  comburtion  of  the  cotton,  bee, 

occafioned 
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occafioned  a diminution  of  the  air  in  the  glafs. 
This  diminution  of  air  by  combuftion  is  a fad:  of 
considerable  importance. 

I {hall  relate  you  another  experiment  of  the 
fame  kind  made  by  Dr.  Hales,  which  you  may  re^ 
peat  at  your  leifure.  (C  I took/’  fays  the  Do6lor> 
<f  a lighted  candle  about  fix-tenths  of  an  inch  ill 
diameter,  and  put  it  under  an  inverted  receiver, 
and  with  a fyphon  drew  the  water  up  to  a certain 
height  : then  drawing  out  the  fyphon  the  water 
would  defcend  for  a quarter  of  a minute,  and  after 
that  afcend,  though  the  candle  continued  burning 
and  heating  the  air  for  near  three  minutes.  The 
water  did  not  afcend  with  an  equal  progreftion ; 
it  would  fometimes  move  with  a flow,  and  fome- 
times  with  an  accelerated  motion;  but  the  denfer 
the  fumes  the  falter  it  afcended.  As  foon  as  the 
candle  was  out  the  doctor  marked  the  height  of 
the  water  above  it’s  firft  lituation.  The  difference 
fhewed  the  diminution  of  air,  which  Dr.  Hales 
fuppofed  was  owing  to  it’s  elasticity  being  de- 
ftroyed  by  the  burning  candle.  As  the  air  cooled, 
the  water  rofe  in  the  receiver,  and  continued  riling 
for  twenty  or  thirty  hours.  He  deduced  from  this 
experiment  that  about  -^Vth  of  the  whole  quantity 
of  air  was  deftroyed  by  combuftion. 

The  refpiration  of  animals  produces  the  fame 
effect  on  air  as  combuftion,  and  their  conftant  heat 
is  probably  an  effect  of  the  fame  nature.  W hen. 
an  animal  is  included  in  a limited  quantity  ot  at- 
mofpherical  air,  it  dies  as  foon  as  the  air  is  viti- 
ated. This  may  be  Stated  in  more  general  terms : 
c<  Whenever  combuftion  or  any  fimilar  procefs  is 
carried  on  in  a velfel  containing  atmofpherical  air, 
it  is  found  that  the  procefs  ceafes  after  a certain 
time,  and  that  the  remaining  air,  which  is  about: 
three-fourths  of  the  whole  bulk,  is  fo  altered  as 
to  be  incapable  of  maintaining  combuftion,  or 

L 2 fupporting 
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fupporting  animal  life.”  From  thefe  experiments 
it  is  clear  that  one  of  the  following  confequences 
mull  take  place  : 1.  The  combuftible  body  muft: 
have  emitted  fome  principle,  which,  by  combin- 
ing with  the  air,  has  rendered  it  unfit  for  the  pur- 
poses of  combuftion.  Or,  2.  It  has  abforbed  part 
of  the  air  which  was  fit  for  that  purpofc,  and  lias 
left  a refidue  of  a different  nature.  Or,  3.  Both 
events  have  happened,  namely,  that  the  pure  part 
of  the  air  has  been  abforbed,  and  a principle  has 
been  emitted,  which  has  changed  the  orginal  pro- 
perties of  the  remainder.  Thefe  circumftances 
are  only  mentioned  at  prefent,  in  order  to  awaken 
your  attention  to  this  curious  fubje,  but  will  be 
confidered  more  fully  hereafter. 

The  following  calculation  has  been  made  from 
the  data  furnifhed  by  Dr.  Hales’s  experiment: 
The  flame  of  the  candle  he  ufed  occupied  about 
half  a cubic  inch,  and  yet  confumed  about  78 
cubic  inches  of  air  in  three  minutes,  which  is  about 
3744  cubic  inches  in  a day,  or  791  cubic  feet  in  a 
year.  If  fires  act  according  to  their  cubic  di- 
menfions,  which  is  the  neareft  rule  we  can  follow, 
then  a fire  of  a cubic  foot  would  confume  about 
3456  times  as  much  as  the  candle  that  is  2733696 
cubic  feet  in  a year.  Now,  fuppofing  170000 
dwelling-houfes  in  London  (which  it  was  com- 
puted to  have  fome  years  back,)  and  allowing, 
two  fires  in  an  houfc,  and  making  no  account 
of  candles,  lamps,  &c.  the  fum  of  cubic  feet  con- 
fumed  in  London,  amounts  to  about  230000  mil- 
lions of  cubic  feet ; and  if  all  other  circum- 
ftances in  different  parts  of  the  world  relating  to 
this  confumption  of  air  were  conlidered,  the 
quantity  ufually  allowed  to  the  earth’s  atmofphere, 
would  be  confumed  in  a much  fhorter  time  than 
would  be  imagined.  I muft  here,  however,  be 
content  with  a very  grofs  reckoning,  as  it  would 
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very  difficult  to  obtain  materials  for  making 
Juch  an  unwieldy  calculation.  In  the  courfe  of 
thefe  lectures  it  will  be  {hewn,  that  divine  Pro- 
vidence has  provided  abundant  means  for  rcftori  ng 
the  purity  of  the  air,  which  is  continually  injured 
by  combuftion,  refpiration,  fermentation,  and  other 
proceffies. 

As  breathing  forms  fo  neceffiary  and  impor- 
tant a function  of  animal  life,  I {hall  nowr  endea- 
vour to  explain  the  organs  thereof : you  will 
thence  perceive  with  what  wifdom  the  interior 
parts  of  your  body  are  difpofed ; and  no  doubt 
warm  emotions  of  gratitude  and  adoration  will 

arife  in  vour  mind  from  a view  of  the  admirable 
* 

mechanifm,  and  inimitable  workmanfhip  difplayed 
in  ten  thoufand  adonifhing  examples,  and  the 
exquifite  wifdom  with  which  every  part  is  adapted 
to  it’s  peculiar  life ; among  thefe  we  may  reckon 
the  mechanifm  of  refpiration  : this  will  be  en- 
hanced when  you  conlider  that  you  breathe  twenty 
times  every  minute,  or  1200  times  in  an  hour,  and 
that  every  thing  is  ordered  by  divine  Providence, 
that  nothing  happens  to  if  op  the  faculty  of  breath- 
ing when  we  eat,  or  drink,  or  deep,  though  a 
thoufand  hurtful  things,  without  this  divine  or- 
dering, might  enter  the  windpipe,  which  would 
prove  inftant  death  : for  the  food  which  enters  the 
gullet  paffes  over  the  windpipe,  which  is  fur- 
nifhed  with  a lid  or  valve.  When  any  food  ad- 
vances to  the  ftomach,  this  lid  is  pulled  down  and 
ffiut  clofe ; but  the  moment  the  morfel  is  fwal- 
lowed,  it  inftindively  opens,  and  leaves  the  paf- 
iage  free  for  the  neceffiary  acceffion  of  air. 

Galen,  an  antient  and  celebrated  anatomiffi, 
obferves  in  his  treatifes  De  Ufa  Pari.  lib.  iii. 
M That  thofe  treatifes  which  difplay  the  tranf- 
cendent  excellencies  of  the  great  Creator,  com- 
pofc  one  ox  the  nci/leji  and  mod  cicceptuble  hvmris. 
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To  acquaint  ourfelves  with  his  fublime  perfe&ions, 
and  point  out  to  others  his  infinite  power — his 
unerring  wifdom — his  boundiefs  benignity,  is,”fays 
he,  ff  in  my  opinion,  a more  fubftantial  adt  of  de- 
votion, than  to  flay  hecatombs  of  victims  at  his 
altar,  or  kindle  mountains  of  fpices  into  incenfe.” 
To  excite  this  fpirit  of  devotion  in  you,  I proceed 
to  explain  fome  of  the  exquifite  contrivances  in 
the  human  frame.  But  not  being  an  adept  in  the 
fcience  of  anatomy,  I muff  hope  for  fome  candid 
indulgence  in  cafe  I fhould  offend  againft  precife 
anatomical  exadtnefs. 

The  lungs  are  two  vifcera  contained  in  the 
cavity  of  the  thorax  or  cheft,  and  are  there  fenced , 
according  to  job’s  expreffion,  with  bones  and  finews. 
The  ribs  being  turned  into  a regular  arch,  are 
moveable  on  a kind  of  center,  to  allift  the  aff  of 
refpiration,  and  form  a fecure  lodgment  for  the 
heart  and  lungs,  two  of  the  moft  diftinguifhed 
and  important  organs  of  life.  The  lungs  are  dif- 
tinguifhed into  right  and  left,  having  a broad 
bafis  below,  and  being  terminated  above  by  an 
obtufe  point.  The  right,  or  larger  lung,  is  di- 
vided into  three  lobes  ; the  left  or  fmaller  into 
two.  The  internal  fabric  of  the  lungs  is  com- 
pofed  of  many  fmall  lobes  feparated  from  each 
other  by  intermediate  intervals ; which  intervals 
are  filled  with  a loofe  cellular  fubftance,  through 
which  veffels  are  diffributed.  The  fmaller  lobes 
are  fubdividcd  into  lefier  ones,  which  are  ffill 
compofed  of  others,  but  aKvays  decreahng  in 
magnitude  ; terminating  at  laft  in  very  fmall  mem- 
branous cells  or  vehicles,  varioufly  figured,  and 
full  of  air,  communicating  on  all  hides  with  one 
another.  Keil  computed  the  number  of  thefe  ve- 
ficles  to  be  1744,000,000.  The  pulmonary  ar- 
tery and  the  pulmonary  veins  are  diffributed  by 

numerous  ramifications  throughout  the  whole 
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lungs,  the  fmalleft  veffels  encompaffmg  each  ve- 
ficle  like  a net. 

The  external  air  has  accefs  to  the  lungs  by 
the  trachea,  or  windpipe  : the  uppermoft  part  of 
this  pipe,  called  the  larynx,  opens  into  the  throat 
by  an  aperture  called  the  epiglottis , and  communi- 
cates with  the  atmofphere  by  the  mouth  and  nol- 
trils.  The  trachea  is  a flexible  pipe,  compofed 
of  a feries  of  cartilaginous  rings  joined  by  muf- 
cular  fibres,  and  lined  with  a membrane.  I nis 
tube  defeending  into  the  lungs,  divides  and  rami- 
fies itfelf  in  company  with  the  numerous  branches  of 
the  pulmonary  artery,  and,  together  with  them  and 
the  veins,  form  the  fpungy  fubflance  called  the 
lungs. 

The  thorax  or  cheft,  in  which  the  lungs  are 
placed,  is  compofed  of  bones,  cartilages,  and 
mufcles,  fo  artfully  arranged,  that  it’s  cavity  may 
be  enlarged  or  diminiflied  at  pleafure.  I his  is 
brought  about,  partly  by  the  elevation  of  the  ribs, 
partly  by  the  pulling  down  of  the  diaphragm,  or 
mufcular  partition  that  divides  the  cheft  from  the 
lower  belly. 

This  partition  naturally  bulges  convexly  up- 
wards, fo  as  to  encroach  confiderably  on  the  cavity 
of  the  thorax ; but  on  infpiration  from  a convex, 
it  becomes  nearly  a plain  furface,  and  thus  gives  a 
fpace  to  the  cheft,  which  it  takes  from  the  lower 
belly. 

' The  cavity  of  the  cheft,  may,  therefore,  be 
enlarged  in  two  different  directions : by  the  ele- 
vation of  the  ribs  it  becomes  wider;  by  the  de- 
preftion  of  the  diaphragrn  it  becomes  deeper. 

When  the  intercoftal  mufcles  elevate  the  cheft, 
and  when  the  diaphragm  is  drawn  downwards,  the 
cavity  of  the  thorax  is  enlarged,  and  the  air  within 
the  lungs  is  expanded  in  proportion  to  the  ac- 
quired fpace.  This  air,  of  courfe,  becomes  rarer, 
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and  fpecifically  lighter  than  it  was  before:  it  was 
then  in  equilibrio  with  the  atmofphere ; and  this 
equilibrium  being  removed  by  the  expanfion,  the 
external  air  enters  the  larynx,  and  flows  through 
all  the  branches  of  the  trachea,  reftorinp-  the  ba- 

J O 

lance  between  the  ambient  air,  and  that  in  the 
lungs. 

Whether  the  cheft  is  fwelled  by  infpiration 
or  deprefled  by  expiration,  the  lungs  fill  the  whole 
cavity,  and  are  always  in  contact  with  the  pleura, 
no  air  being  permitted  between  this  membrane  and 
the  external  furface  of  the  lungs ; for  if  there 
was  the  lungs  could  not  poflibly  play,  as  this  air 
would  counterbalance  the  preffure  of  the  atmof- 
phere. 

So  many  organs  being  fubfervient  to  refpi- 
ration,  and  this  important  function  being  per- 
formed by  means  of  fuch  curious  and  complicated 
mechanifm,  no  wonder  that  various  attempts  have 
been  made  to  explain  the  immediate  caufe  that  ex- 
cites this  fundtion  : but  the  fubjedt,  after  exhauft- 
ing  much  ingenuity,  remains  {fill  unexplained;  and 
the  moft  fkilful  anatomift  knows  no  more  than  the 
humble  peafant. 

All  that  is  known  amounts  only  to  this : we 
have  a fenfation  which  excites  us  to  expand  our 
cheft ; the  adfion  accompanies  the  inclination,  and 
the  air  flows  into  the  lungs.  When  enough  is  ad- 
mitted to  anfwer  the  purpofes  of  health,  we  feel 
an  equal  defire  of  expelling  it,  which  is  diredtly 
followed  by  the  accomplilhment  of  that  defire ; 
and  thofe  alternate  feelings  are  conftantly  renewed 
and  gratified,  with  or  without  refledfion,  alleep  as 
well  as  awake,  v/hile  life  continues. 

The  quantity  of  blood  which  is  poured  by  ten 
thoufand  fireams  into  the  lungs,  is  exceeding  great; 
equal  to  (or  even  perhaps  greater  than)  that  which 
is  fent  in  the  fame  time  throughout  the  reft  ol  the 
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body;  proving  that  there  is  fome  confiderable 
ufe  peculiar  to  this  vifcus.  Phyliologifts  are  not 
agreed  with  regard  to  all  the  ufes  of  the  lungs,  or 
the  benefits  refulting  to  the  body  from  breathing; 
fome  of  thefe  are  evident  and  undifputed.  The 
correfpondence  of  the  actions  of  the  lungs  with 
thought  and  fpeech  cannot  be  doubted  ; for  it  is 
by  their  means  the  voice  is  modulated,  and  that  we 
have  the  power  of  fpeech.  When  we  think  ta- 
citly we  breathe  tacitly ; when  we  think  deeply 
we  breathe  deeply  ; drawing  in  and  relaxing,  com- 
prefling, and  elevating  the  lungs  according  to  the 
thought.  By  the  air  entering  the  noftrils,  and 
conveying  effluvia,  breathing  becomes  inftrumen- 
tal  to  the  fenfe  of  fmelling.  Every  thing  in  the 
body  is  fo  connected,  that  when  the  lungs  refpire 
all  and  every  thing  in  the  body  is  actuated  by  the 
refpiration  of  the  lungs,  and  the  pulfation  of  the 
heart ; for  the  heart  is  joined  to  the  lungs  by  it’s 
auricles,  and  alfo  all  the  vifeera  of  the  whole  body 
are  joined  by  ligaments  to  the  cavity  of  the 
breaft;  and  that  in  fuch  manner,  that  all  and 
every  part  is  affected  by  the  refpiratory  motion. 
When  the  lungs  are  inflated,  and  the  thorax  ex- 
panded by  the  ribs,  the  pleura  is  alfo  dilated,  and 
the  diaphragm  prefled  dow  nward  ; and  with  thefe 
all  the  inferior  parts  of  the  body,  which  are  con- 
nected to  them  by  ligaments,  receive  fome  action 
from  the  action  of  the  lungs  ; the  alternations  of 
refpiration  entering  or  affecting  the  inmoft  recefles 
of  the  vifeera.  There  is  a perfect  conjunction  of 
the  motion  of  the  heart  and  lungs  with  all  and 
every  part  of  the  body;  to  render  this  conjunction 
more  complete,  the  heart  itfelf  is  alfo  in  the  pul- 
monary motion,  lying  in  the  boforn  of  the  lungs, 
adhering  to  them  by  it’s  auricles,  and  refting  upon 
the  diaphragm,  from  which  alfo  it’s  arteries  par- 
ticipate of  the  pulmonary  motion.  The  ftate  of 
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the  lungs  depends  alfo  upon  the  blood  from  the 
heart ; for  when  the  influx  of  blood  ceafes,  refpi- 
ration,  ceafes. 

There  is  a mod  intimate  connection  be- 
tween the  act  of  refpiring  and  the  circulation  of 
the  blood.  When  refpiration  is  for  a fhort  time 
interrupted  by  the  fumes  of  burning  fulphur,  by 
mephitic  air,  or  by  remaining  fome  minutes  un- 
der the  water,  the  action  of  the  heart  ceafes : but, 
in  many  cafes  of  this  kind,  the  motion  of  the 
heart  may,  and  frequently  has  been  renewed,  by 
blowing  air  into  the  lungs,  &c.  In  perfons  feem- 
ingly  dead,  from  a fufpeniion  of  refpiration,  if  the 
lungs  can  be  excited  to  adi,  the  motion  of  the  heart 
inlfantly  commences,  the  circulation  of  the  blood 
is  reftored,  and  life  recovered. 

The  bicod  of  the  heart  is  purified  in  the  lungs 
from  things  indigefted,  and  attracts  from  the  air 
a neceffary  nourifhment.  This  is  evident,  not 
only  from  the  influx  of.  the  blood,  which  is  ve- 
nous, and  confequently  replete  and  recruited  with 
chyle  collected  from  food  and  drink,  and  therefore 
unqualified  in  this  hate  to  perform  the  vital  tour. 
It  is  evident  alfo,  from  the  expirations  which  are 
humid,  and  often  manifelt  their  operation  from 
their  odour;  the  effluvia  thus  exhaled  being  fo  cor- 
rupted, that  they  would  prove  fatal  if  retained  in 
the  lungs,  or  if  breathed  by  other  animals;  and 
further," from  the  diminifhed  quantity  of  blood  re- 
turned into  the  left  ventricle  of  the  heart.  That 
the  blood  attra&s  from  the  air  a fuitable  nourifh- 
ment, is  evident  from  the  vafl  quantity  of  exha- 
lations and  effluvia  with  which  it  is  impregnated, 
and  which  flow  into  the  lungs  with  it:  in  the 
fpongy  cells  of  this  amazing  laboratory  it  imbibes 
the  influence  of  the  external  air.  Hence  it  is 
that  in  the  air-cells,  or  inmoft  part  of  the  lungs, 
there  are  in  great  abundance  fmajl  veins  with 
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mouths,  which  abforb  fuch  things  ; and  alfo  that 
the  blood  returned  into  the  left  ventricle  of  the 
heart  is  changed  into  arterial  blood,  and  becomes 
florid  ; proving  that  the  blood  is  here  purified 
from  things  heterogeneous,  and  nourifhed  with 
things  homogeneous.* 

Refpiration  gives  rife  to  many  other  fundi  ions 
of  the  animal  oeconomy.  All  animals  furnifhed 
with  lungs  exprefs  their  wants,  their  affections, 
and  averfions  ; their  pleafures  and  pains,  either  by 
words  or  by  founds  peculiar  to  each  fpecies  : theie 
different  founds  are  produced  by  ftraitening  or 
widening  the  windpipe,  or  the  paffage  through 
which  the  air  palfes  in  refpiration.  The  inienci 
animals  are  by  this  enabled  to  exprefs  themfeives 
in  fuch  manner  as  to  be  intelligible  to  every  indi- 
vidual of  the  fpecies. 

To  man  alone  divine  Providence  has  given 
the  gift  of  fpeech,  the  means  of  expreffing  his 
various  feelings  and  ideas,  by  regular,  extenfive, 
and  eftablifhed  combination  of  articulate  founds. 
Speech  is  performed  by  a very  various  and  com- 
plicated machinery.  In  fpeaking,  the  tongue,  the 
lips,  the  jaws,  the  whole  palate,  the  nofe,  the 
throat,  together  with  the  mufcles,  bones,  &c.  of 
which  thofe  organs  are  compofed,  are  all  employed 
to  modulate  the  found,  and  form  the  voice,  and 
produce  fpeech,  which  procures  to  us  fuch  innu- 
merable benefits.  This  combination  of  organs 
we  are  taught  to  ufe  when  fo  young,  that  we  are- 
hardly  confcious  of  the  laborious  tails;,  and  far  lefs 

of 

* Dicmcrbrocct  mentions  finding  dufl  in  the  veficulae  of  the 
lungs  of  two  aflhmatic  perfons  that  he  opened  : one  a flone- 
cuttcr’s  man,  the  veficulae  of  whofe  lungs  were  fo  fluffed  with 
dufl,  that,  in  cutting,  his  knife  went  as  if  through  a heap  of  fand. 
The  other  was  a feather-driver,  who  had  theie  bladders  filled 
with  the  fine  dufl,  or  down  of  feathers. 

t Dcrh'am’s  Phyfico-Theology,  Logographic  edit.  p.  211. 
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of  the  manner  by  which  we  pronounce  different 
words  and  letters. 

It  is  from  God  alone  that  man  has  the  fa- 
culty of  fpeech,  the  power  of  articulating  his 
voice , and  of  giving  it  a variety  of  diffindt  founds 
at  his  own  will  and  choice.  It  is  he  alone  who 
provided  man  with  the  indruments  by  which  he 
fo  articulates ; who  formed  the  human  mouth  and 
tongue  to  be  much  more  pliant,  moveable,  and 
flexible  than  the  fame  parts  of  other  animals.  It 
Is  he  who  furnifhed  thofe  immediate  organs  of 
fpeech  in  man,  with  peculiar  mufcles,  by  which 
he  can  give  to  his  mouth  any  degree  of  aperture 
and  curvature ; and  to  his  tongue,  any  kind  of 
flexure  he  pleafes,  by  an  application  of  this  agile 
member  to  any  part  within  it’s  fphere  and  motion. 

Abfurd,  indeed,  is  the  idea  of  thofe  who 
embrace  the  idea  of  Diodorus  Siculus , ff  That  the 
firft  men  lived  for  feme  time  in  woods  and  caves, 
after  the  manner  of  beads,  uttering  only  confufed 
founds.”  It  is  hardly  poflible  for  any  man  to  form 
a judgment  more  contrary  to  the  nature  of  things  ; 
for  does  not  the  nature  of  almoft  all  animals,  beads, 
and  birds  drew  us,  that  they  have  a natural  un- 
taught language,  not  confiding  of  confufed  founds , 
but  altogether  di dined,  by  an  articulate  difference, 
and  highly  intelligible  to  every  one  of  the  fame 
fpecies  ? If,  therefore,  the  nature  of  things  will 
allow  us  to  fuppofe  that  man  w7as  created  as  per- 
fect in  his  kind,  as  the  animals  were  in  their’s, 
then  the  nature  of  things  will  oblige  us  to  af- 
firm, that  the  did  men  had  from  nature  an  un- 
taught language,  as  fuitable  to  their  nature,  as 
ufeful,  as  didind,  and  intelligible  to  themfelves, 
as  that  of  beads  or  birds  is  to  them,  in  their  fe- 
veral  kinds.  The  language  of  every  creature  is 
natural,  not  taught;  it  is  as  much  the  effed  of 
it's  whole  nature , the  joint  operation  of  it’s  foul, 

fpirit. 


Nature  and  Properties  of  Air.  157 

fpirit,  and  body,  as  it’s  life  is ; and  is  articulate,  or 
not  articulate,  good  or  evil,  harmonious  or  horri- 
ble, juft  as  the  "life  of  the  creature  poflelfes  more  or 
lefs  of  a celeftial  or  earthly  harmony.  The  whole 
philofophy  of  the  language  of  all  creatures,  whether 
in  heaven,  on  earth,  or  in  hell,  is  to  be  found  in 
thefe  words  of  our  God  and  Saviour,  7 hat  out  of 
the  abundance  of  the  heart  the  mouth  fpeaketh. 

If  mankind  had  not  a natural  language,  they 
could  never  have  invented  an  artificial,  by  their 
reafon  and  ingenuity;  for  all  artificial  language 
luppofes  feme  compact  or  agreement  to  affix  a 
certain  meaning  to  certain  figns : therefore,  there 
muft  be  compacts  or  agreements  before  the  ufe  of 
artificial  figns  ; but  there  can  be  no  compact  or 
agreement  without  figns,  nor  without  language  ; 
and  therefore  there  muft  be  a natural  language  be- 
fore any  artificial  language  can  be  invented. * 

Refpiration  is  concerned  when  we  laugh  ; for 
to  do  this  we  make  a full  infpiration,  which  is 
fucceeded  by  frequently  interrupted  and  fonorous 
expirations.  When  the  titillation  and  confequent 
expulfive  expirations  are  great,  whether  they  arife 
from  the  mind  or  body,  they  interrupt  the  breath- 
ing to  fuch  a degree  as  to  endanger  fuftbeation. 
Moderate  laughing  promotes  health,  by  agitating 
the  whole  body  : it  quickens  the  circulation  of  the 
blood,  gives  cheerfulnefs  to  the  countenance,  and 
banifhes  anxiety  from  the  mind. 

We  employ  nearly  the  fame  organs  in  weep- 
ing as  in  laughing:  it  commences  with  a deep  in- 
fpiration, which  is  fucceeded  by  fhort,  broken,  fo- 
norous, and  difagreeable  expirations.  The  refpi- 
ratory  organs  are  neceflary  in  the  ads  of  cough- 
ing, fneezing,  yawning,  finging,  fighing,  and  many 
other  adts  of  the  animal  oeconomy. 

By 

* Reid’s  Inquiry  into  the  Human  Mind,  p.  93, 
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By  refpiration  odours  are  conveyed  to  tTicf 
nofe.  You  will  find  from  obfervation  that  all 
animal  and  vegetable  bodies,  and  probably  all  or 
moll  other  bodies  expofed  to  the  air,  are  continu- 
ally fending  forth  very  fubtle  effluvia  in  their  va- 
rious dates  of  life,  and  growth,  fermentation,  and 
putrefaction.  The  fmell  of  plants,  and  of  other 
bodies,  is  caufed  by  thefe  volatile  parts,  and  are 
fmelled  wherever  they  are  fcattered  in  the  air. 
The  acutenefs  of  this  fenfe  in  fome  animals  fhews 
that  thefe  effluvia  fpread  far,  and  mull  be  incon- 
ceivably fubtil.  Thefe  effluvia  are  drawn  into  the 
noftrils  along  with  the  air,  which  is  continually 
pafiing  through  them  in  inlpiration  and  expi- 
ration. 

We  are  informed  by  anatomifts  that  the 
membrane  pituaturia,  and  the  olfadory  nerves, 
which  are  didributed  to  the  villous  parts  of  this 
membrane,  are  the  organs  deftined  by  divine  Pro- 
vidence for  this  fenfe  : fo  that  when  a body  emits 
no  effluvia,  or  when  they  do  not  enter  into  the 
nofe;  or  when  the  pituary  membrane,  or  olfac- 
tory nerves  are  rendered  unfit  to  perform  their  of- 
fice, it  cannot  be  fmelled. 

You  will  obferve  that,  notwithdanding  thefe 
mechanical  indruments,  it  is  evident  that  neither 
the  organ  of  fmell,  nor  the  medium,  nor  any 
motions  we  can  conceive,  excited  in  the  above- 
mentioned  parts,  or  in  the  nerve  or  animal 
fpirits,  do  in  the  lead  refemble  the  fenfation  of 
dwelling.  It  is  impofflble  to  conceive  or  believe 
dwelling  to  exid  of  itfelf  without  a mind,  or  fome- 
thing  that  has  the  power  of  dwelling,  and  of  which 
it  is  called  a fenfation,  an  operation,  or  feeling. 
The  faculty  of  dwelling  is  fomething  very  dif- 
ferent from  the  fenfe  of  dwelling ; for  the  faculty 
may  remain  when  you  have  no  fenfation,  and  the 
mind  is  no  lefs  different  from  the  faculty,  for  it 
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continues  the  fame  individual  being  when  that  fa- 
culty is  loll. 

I fhall  now  fhew  you  the  divine  wifdom  ma- 
nifeflcd  by  adapting  the  organs  of  different  crea- 
tures to  their  particular  flates  of  receiving,  re- 
fpiring,  &c.  the  air,  and  I fhall  proceed  to  lay  before 
you  one  or  two  remarkable  inffances.  Thus, 
though  birds  refpire  by  means  of  lungs,  yet  are 
they  fo  conflruched  that  the  air  is  transmitted  to 
almoff  every  part  of  their  bodies.  The  lungs  of 
birds  are  fo  firmly  attached  to  the  diaphragm,  the 
ribs,  the  fide,  and  the  vertebrae,  that  they  can  ad- 
mit of  very  little  dilation  or  contraction.  Inftead 
of  being  impervious,  the  fubftance  of  the  lungs, 
as  well  as  of  the  diaphragm,  to  which  they  ad- 
here, is  perforated  with  many  holes  or  paffages 
for  the  tranfmiffion  of  air  to  the  other  parts  of  the 
body : to  each  of  thefe  perforations  a diflinct 
membranous  bag  is  joined  ; thefe  bags  are  ex- 
tremely thin  and  tranfparent;  they  extend  through 
the  whole  of  the  abdomen,  are  attached  to  the 
back  and  lides  of  that  cavity,  and  each  of  them 
receives  air  from  their  refpeCtive  openings  into  the 
lungs.  The  cells  in  which  birds  receive  air  from 
the  lungs  are  found  not  only  in  the  foft  parts,  but 
in  the  bones. 

Mr.  John  Hunter  has  made  a variety  of  expe- 
riments to  difeover  the  ufe  of  this  general  diffuiion 
of  air  through  the  bodies  of  birds  ; and  from 
thefe  we  find,  that  it  prevents  their  refpiration 
from  being  flopped  or  interrupted  by  the  rapidity 
of  their  motion  through  a refilling  medium.  The 
rcfiftance  of  the  air  increafes  in  proportion  to  the 
celerity  of  the  motion : were  it  poflible  for  a man 
to  move  with  a fvviftnefs  equal  to  that  of  a fwal- 
low,  the  1 efillance  of  the  air,  as  he  is  not  provided 
with  refervoirs  fimilar  to  thofe  of  birds,  would 
loon  fuffocate  him. 

1 ' Cetaceous 
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Cetaceous  fillies  refpire  like  man,  by  means 
of  lungs,  and  are,  of  Courfe,  obliged  at  certain  in- 
tervals to  come  to  the  furface,  in  order  to  throw 
out  the  former  air,  and  to  take  in  a frefh  fupply. 
Other  fpecies  oi  lifli  are  furnifhcd  with  gills  in- 
{lead  of  lungs,  through  which  they  refpire  both 
water  and  air  ; for  air  is  uni  verbally  dififufed  or 
mixed  with  every  portion  of  water ; belides  this, 
however,  it  is  nec  diary  that  the  water  in  which 
they  fwim,  fhould  have  a free  communication  with 
the  air  ; for  they  cannot  live  long,  if  deprived  of 
this  vivifying  element. 

Infedts  are  not  furnifhed  v7ith  lungs  limilar  to 
thofe  of  men,  quadrupeds,  &c.  but  as  the  tranf- 
miffion  of  air  into  their  bodies,  is  neceffary  for 
continuing  the  principle  of  life,  they  are  furnifhed 
with  peculiar  inftruments  and  apparatus  for  this 
indifpenlible  purpofe.  For  a defcription  of  thefe 
I mult  refer  you  to  my  Effays  on  the  Microfcope ; 
reciting  only  one  inllance,  that  of  the  larva  of  the 
rnufca  pendula , Lin.  as  defcribcd  by  a very  inge- 
nious naturaliil. 

Being  out  on  an  excurfion  with  fome  friends, 
they  were  (truck  with  the  appearance  of  a little 
puddle  of  reddifh  water,  the  furface  of  which  was 
in  continual  motion.  On  taking  up  fome  of  this 
water  they  found  a number  of  dirty  (hapelefs 
animals,  which  had  much  the  appearance  of  com- 
mon maggots,  but  much  uglier ; they  wTere  brown, 
thick,  (hoit,  and  furnifhed  with  tails.  ff  I ordered 
them/’  fays  our  naturalift,  ff  to  be  laid  down  on 
the  grabs,  and  difpatched  a fervant  for  fome  clear 
water,  and  then  began  to  explain  thfcir  nature,  ori- 
gin, and  properties. 

1 had  often  informed  my  companions  that 
none  of  the  winded  infects  were  hatched  from  the 
egg,  but  that  they  were  all  firlf  produced  in  the 
form  of  worms,  maggots,  or  caterpillars ; or,  in 

other 
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other  words,  covered  with  fkins,  under  which  they 
live , movey  and  eat,  with  the  appearance  of  animals 
very  different  from  their  parents : they  were  not 
therefore  furprized,  when  I informed  them,  that 
the  creatures  before  us  were  not  in  their  ultimate 
ftate,  but  were  the  produce  of  the  bee-fly  (mufea 
pendula .)  This  fly  is  inffrudhed  by  the  univerfal 
Guide  and  Guardian  of  Nature , to  lay  it’s  eggs 
about  the  edges  of  the  water.  It’s  young,  while 
in  the  worm  Hate,  are  to  live  and  feed  in  the 
water;  but  the  female  cannot  depoflt  her  eggs  in 
that  element,  without  perifhing  in  the  attempt ; 
ihe  lays  them  on  dry  land,  near  the  place  proper 
for  the  refidence  of  her  young,  who  are  inftruCtcd 
by  the  fame  guide  to  make  their  way  to  the  water  ; 
and,  finally,  when  they  have  acquired  their  full 
growth,  and  the  animal  is  ready  to  burfl:  forth  into 
a new  life,  and  enjoy  the  regions  of  the  air,  it 
again  quits  the  water,  that  this  great  event  may  be 
performed  at  land. 

“ The  fervant  being  returned  with  fome  water, 
he  obferved,  that  though  refpiration  is  neceffary 
to  all  animal  life,  yet  it  is  varioufly  performed  in 
the  fcveral  fpecies;  and  that,  while  man  and  the 
generality  of  other  animals  refpired  by  the  mouth, 
this  creature  refpired  by  the  tail. 

I he  infedls  w^e  wrere  examining  wTere  about 
half  an  inch  long,  and  their  tails  near  an  inch. 
1 he  water  in  the  glafs  was  proportioned  at  firff  to 
this  meafure  in  depth  ; on  throw  ing  fome  of  the 
infects  into  it,  their  bodies  naturally  funk  with 
the  head  downwards;  and,  while  they  feemed 
fearching  after  food  about  the  bottom,  the  extre- 
mities of  their  tails  wTere  feen  juft  above  the  water 
and  in  continual  motion. 

<f  My  companions,  who  have  long  fince  learnt 
to  make  every  obfervation  of  this  kind  a fource 
of  adoration  to  the  fupreme  Creator,  Difpofer,  and 

I M Prefer  ver 


162  Lectures  on  Natural  Philosophy, 

Preferver  of  all  things,  were  admiring  the  care  of 
his  providence,  in  contriving  thus  amazingly  that 
a poor  creature  fhould  not  be  fuffocated  while  it 
fed.  I ordered  a pint  more  water  to  be  thrown 
into  the  glafs,  and  they  all  cried  out  againft  my 
deftroying  thefe  unfortunate  animals ; but  their 
admiration  was  raifed  much  higher  than  before, 
when  I told  them  they  would  receive  no  harm,  for 
they  had  a power  of  lengthening  their  tail  about 
an  inch;  but  that  they  were  not  left  without  means 
of  life  in  a much  greater  depth  of  water.  On 
adding  a quart  more  water,  it  was  foon  found  that 
the  apparent  tail  of  the  infebt  was  a mere  tube, 
containing  within  it  another  much  fmaller,  yet 
fufhciently  large  for  to  convey  all  the  air  that  was 
necelfary  to  this  animal ; a fine  bender  pipe  being 
darted  up  out  of  this,  and  extended  to  the  new 
furface  : on  railing  the  water  two  inches  higher, 
the  pipe  was  lengthened  as  far  as  was  necelfary, 
and  fo  on  till  the  limits  of  the  glafs  buffered  us  to 
carry  the  experiment  no  further.” 


LECTURE  V. 

Of  Sound. 

* 

I 

ROM  explaining  the  efficacy  and  action  of 
air  in  refpiration,  &c.  I proceed  to  bring  you 
acquainted  with  it’s  agency  in  producing  found. 
The  fenfe  of  hearing,  by  which  we  receive  founds, 
adds  infinitely  to  our  happinefs  : it  opens  to  us  a 
wide  field  of  pleafure  ; though  it  is  lets  extenfive 
in  it’s  range  than  that  of  light,  yet  it  frequently 
furmounts  obftacles  that  arc  impervious  to  the  eye, 
and  communicates  information  of  the  utmoff  im- 
portance, which  would  otherwife  efcape  from,  and 
be  loft  to  rhe  mind. 


Sound, 
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Sound,  by  it’s  divergence,  extends  in  every 
direftion,  vifiting  a thousand  with  the  fame  eafe 
as  one  individual;  freely  communicating  it’s  tid- 
ings wherever  attention  excites  an  auditory.  Every 
one  feels  that  mufical  founds  are  pleafing  to  the 
fenlitive  foul ; I mean  not  here  the  harmony  of 
founds,  for  the  rational  mind  only  can  be  fenlible 
of  thefe:  I mean  fuch  limple  founds  as  are  tune- 
ful; efpecially  the  clear,  the  fmooth , and  the  lively , 

You  know  that  many  fpecies  of  the  fmaller 
winged  tribes  take  fo  much  pleafure  in  founds  of 
this  kind  fir  iking  grateful  on  their  ear,  and  exhi- 
larating their  fpirits,  that  to  give  themfelves  this 
pleafure,  feems  to  employ  the  greater  part  of  their 
wakeful  hours,  and  to  conftitute  the  principal  en- 
joyment of  their  lives.  They  are  endued  by 
Diz  hue  Providence  with  the  power  of  forming  and 
uttering  thofe  delightful  founds ; and  he  has  been 
fo  liberal  in  this  bldfing,  that  the  air  in  every  wood 
and  grove  is  filled  with  their  various  and  artlefs 
melody  : nor  can  imagination,  perhaps,  ever  con- 
ceive any  thing  more  delightful,  than  to  have  all 
the  fongfters  of  the  grove  collected  under  the 
beam  of  the  breaking-out  fun,  and  pouring  forth 
the  fenfations  of  their  hearts  in  a profufion  of  wild 
and  complicated  melody. 

The  metaphyfician  confiders  the  idea  of  found 
in  the  mind : the  anatomift  deferibes  the  im- 
preflion  it  makes  upon  the  ear,  and  the  manner  in 
which  it  is  conveyed  from  thence  to  the  brain: 
the  natural  philofopher  inveftigates  it  in  the  fub- 
(tance  where  it  is  produced,  and  in  the  medium 
by  which  it  is  conveyed  to  the  ear.  The  fava^e 
cannot  comprehend  how  we  can  convey  our 
thoughts  to  one  another  by  writing ; the  communi- 
cation thereof  by  founds  would  appear  as  won- 
derful to  us,  but  that  we  fall  into  it  before  we 
know  what  wonder  is;  that  is,  before  zve  have 
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gained  any  experience  to  which  new  appearances  may 
feem  repugnant . 

Sound  arifes  from  a vibratory  or  tremulous 
motion,  produced  by  a ftroke  on  a fonorous  body  ; 
which  motion  it  communicates  to  the  furrounding 
medium,  which  carries  the  impreffion  forward  to 
the  ear,  and  there  produces  it’s  fenfation.  In 
other  words,  found  is  the  fenfation  arifing  from  the 
impreffion  made  by  a fonorous  body  upon  air,  or  wa- 
ter, &c.  and  carried  along  by  either  fluid  to  the  ear. 

Three  things  are  therefore  neceflary  to  the 
production  of  found:  1.  A fonorous  body  to  give 
the  impreffion;  2.  A medium  to  convey  it  as  a 
vehicle;  3.  The  ear  to  receive  the  impreffion. 

Stridtly  fpeaking,  fonorous  bodies  are  thofe 
whofe  founds  are  diftindt,  comparable  with  each 
other,  and  of  fome  duration;  fuch  as  thofe  of  a 
bell,  a cord  of  a violin,  and  not  fuch  as  give  only 
a confufed  noife  ; as  that  made  by  a ftone  falling  on 
the  pavement : to  be  fonorous,  a body  muft  be 
daflic  ; one  whofe  parts  are  capable  of  a vibratory 
motion  when  they  are  forcibly  ftruck  by  any  kind 
of  plectrum. 

* Gold,  filver,  copper,  and  iron,  which  are 
Haftic  metals,  are  alfo  fonorous ; but  lead,  which 
is  unelaflic,  gives  no  found.  Tin,  which  in  itfelf 
has  very  little  more  found  than  lead,  highly  im- 
proves the  tone  of  copper,  when  mixed  with  it. 
Bell-metal  is  formed  of  ten  parts  copper,  and  one 
of  tin.  Each  of  thefe  is  ductile  when  feparate, 
though  tin  is  only  fo  in  a fmall  degree,  yet  form 
a third  fubftance  almoft  as  brittle  as  glafs.  So 
wonderful  is  the  power  of  tin  in  this  refpect,  that 
even  the  vapour  of  it,  when  in  fuflon,  will  give 
brittlenefs  to  gold  and  filver,  the  molt  dudtile  of 
all  metals. 

C1  he  clajfes  of  fonorous  bodies  are  chiefly  thefe 

three ; 
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three:'  1.  Bells  of  various  figures  and  magnitudes; 
of  thefe,  thofe  that  are  formed  of  glafs  have  the 
moft  pure  and  elegant  tone ; and  as  glafs  is  very 
elaftic  the  found  thereof  is  powerful:  2.  Pipes 
of  wood  or  metal : thefe,  by  means  of  a vibrating 
plate  of  metal,  to  perform  the  office  of  a larynx, 
may  be  fo  conftruded  as  nearly  to  imitate  the 
human  voice  : 3.  Strings,  formed  either  of  me- 
tallic or  animal  fubftances.  Ihe  founds  they  give 
are  more  grave  or  more  acute,  according  to  the 
thicknefs,  length,  and  tenfion  of  the  firings:  when 
fir- wood,  which, from  it’s  fibrous  conftrudion,is  very 
elaftic,  is  combined  with  firings  ; or,  when  firings 
are  agitated  by  horfe-hair,  theeifed  and  powers  of 
one  fonorous  body  are  affifled  by  another. 

Air  is  univerfally  allowed  to  be  the  ordinary 
medium  of  found  ; the  medium  by  which  founds 
are  propagated  from  fonorous  bodies,  and  com- 
municated to  the  ear  : this  wx  fhall  eafily  prove 
by  an  experiment  on  the  air-pump.  I include 
this  bell  within  the  receiver,  which,  while  full  ol 
common  air,  founds  nearly  as  well  as  before.  1 
fhall  now  wrork  the  pump,  and  you  will  perceive 
that  the  found  diminifhes  in  proportion  to  the  de- 
gree of  the  exhauftion  ; fo  much  fo,  that  when  the 
air  is  nearly  extracted,  the  found  is  almoft  loft. 
An  objection  has  been  made  to  the  conclufion  we 
have  drawn  from  this  experiment  ; namely,  that 
when  the  air  is  exhaufted  from  within,  the  prellure 
from  the  incumbent  air  on  the  exterior  furface 
will  prevent  the  tranfmiffion  ol  the  found,  in  the 
fame  manner  as  a body  is  prevented  from  found- 
ing, by  fuftaining  a preffure  on  any  part  of  it. 
But  this  objection  has  been  well  obviated  ; for  if 
the  air  in  the  receiver  be  condenfcd,  inftead  of 
being  exhaufted,  the  found  fo  far  from  being  extin- 
guiihed  will  be  increafed,  though  there  is  as  great 
jan  inequality  of  prellure  on  the  two  furfaces  in 
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this  cafe  as  in  the  former.  Hawkfbee  has  {hewn, 
by  a feries  of  w el  1-cond  udted  experiments,  that 
air  is  propagated  further  by  denfe  than  by  rarified 
air;  and  that  air  as  denfe  again  as  common  air 
will  convey  found  twice  as  far;  and  thence  con- 
cludes that  found  is  increafed,  not  only  in  a diredt 
ratio  of  the  denfity  of  the  air,  but  as  the  fquare  of 
the  denfity.  M.  Briffon  has  (hewn,  that  if  a fo- 
norous  body  be  placed  in  an  elaftic  fluid,  whofe 
denfity  is  greater  than  that  of  common  air,  that 
the  found  would  be  much  ftronger  in  the  fluid 
than  in  the  air  : his  experiment  was  made  with  the 
gas  acide  carbonique . 

But  though  air  is  the  general  vehicle  of  found, 
yet  found  will  go  where  no  air  can  convey  it : thus, 
the  fcratching  a pin  at  one  end  of  a long  piece  of 
timber,  may  be  heard  by  an  ear  applied  near  the 
other  end,  though  it  could  not  be  heard  at  the 
fame  diftance  through  the  air  ; and  two  Hones 
being  {truck  together  under  water,  may  be  heard 
at  a much  greater  diltance  by  an  ear  placed  under 
water  in  the  fame  river,  than  it  can  be  heard 
through  the  air;  Dr.  Franklin  thinks  he  has  heard 
it  a mile.  Thefe  effedts  mult  be  owing  to  the  in- 
tervention of  fome  caufe  more  moveable  and  pow- 
erful than  air  itfelf. 

When  any  elaltic  body  is  (truck,  that  body,  or 
fome  part  of  it,  is  made  to  vibrate.  This  is  evi- 
dent to  fenfe  in  the  Bring  of  a violin  or  harpfi- 
chord ; for  you  may  perceive  by  rhe  eye,  or  lee! 
by  the  hand,  the  trembling  of  the  firings,  when  by 
ftriking  them  they  are  thereby  made  to  found. 

If  a bell  is  {truck  by  the  clapper  on  the 
infide  the  bell  is  made  to  vibrate:  the  bafe  ot 
the  bell  is  a circle ; but,  by  ftriking  any  part  of 
this  circle  on  the  infide  that  part  flies  out ; fo  that 
the  diameter  which  pafles  through  this  part  of  the 
circular  bafe,  will  be  longer  than  the  other  dia- 
meter* 
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meter.  The  bafe,  by  the  ftroke,  is  changed  into 
an  oval,  whole  longer  axis  pafles  through  the  part 
a gain  It  which  the  clapper  Itruck:  the  eladicity  of 
the  bell  reltores  the  figure  of  the  bafe,  and  makes 
the  part  which  was  forced  out  of  it’s  place  return 
back  to  it’s  former  lituation ; from  whence  the 
fame  principle  throws  it  out  again ; fo  that  the 
circular  figure  ot  the  bafe  will  again  be  changed 
into  an  oval ; only  now  the  fhorter  axis  will  pafs 
through  the  part  that  was  firft  druck. 

The  fame  droke  which  makes  the  bell  vibrate 
occafions  the  found  ; as  the  vibrations  decay  the 
found  grows  weaker.  Your  fenfes  will  convince 
you  that  the  parts  of  the  bell  are  in  a vibratory 
motion : if  you  lay  your  hand  gently  thereon,  you 
will  feel  this  tremulous  motion  ; or  if  you  throw 
fmall  pieces  of  paper  on  the  bell,  the  jarring 
thereof  will  put  them  in  motion.  1 hefe  vibra-* 
tions  caufe  fimilar  undulations  in  the  air  ; and  as 
the  motions  of  one  fluid  may  often  be  illuftrated 
by  the  motions  of  another,  the  invifible  motions 
of  the  air  have  been  not  unaptly  compared  to  the 
vifible  waves  of  water,  w hen  fuddenly  produced 
by  throwing  a done  therein.  Thefe  waves  fpread 
themfelves  in  all  directions  in  concentric  circles, 
whofe  common  center  is  the  fpot  wrhere  the  done 
fell ; and  w hen  they  drike  againd  a bank,  or  any 
other  obdacle,  they  return  in  the  contrary  direc- 
tion to  the  place  from  whence  they  proceeded. 
Sound  expands  in  like  manner  in  every  direction* 
and  the  extent  of  it’s  progrefs  is  in  proportion  to 
the  impulfe  on  the  vibrating  cord  or  bell.  Such 
is  the  yielding  nature  of  fluids,  that  when  other 
waves  are  generated  near  the  fird  waves,  and  others 
again  near  to  thefe,  they  will  all  perform  their 
courfes  amongd  each  other  without  interruption  ; 
thofe  that  are  coming  back  will  pafs  by  thole  that 
are  going  forward,  or  even  through  them ; thus, 
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if  you  throw  a done  into  a pond,  and  immediately 
after  another,  and  then  a third,  you  will  perceive 
that  their  refpedtive  circles  will  proceed  without 
interruption,  and  drike  the  fhore  in  regular  fuc- 
eelTion.  The  atmofphcre  in  the  fame  manner  pof- 
felTes  the  faculty  of  conveying  founds  in  the  mod 
rapid  fucceflion  or  combination,  as  didin&ly  as 
they  were  produced.  It  pofledes  the  power,  not 
only  of  receiving  and  propagating  dmple  and 
compound  vibrations  in  diredt  lines  from  the 
voice  or  indrument,  but  of  retaining  and  repeat- 
ing founds  with  equal  fidelity,  after  repeated  re- 
flexion and  reverberation,  as  you  may  be  eadly 
convinced  by  the  found  of  a French-horn  among 
hills. 

A familiar  and  eafy  experiment  fhews  the 
vibratory  motion  that  produces  found.  Take  a 
common  poker,  and  tying  on  a garter  at  top,  fo 
that  both  ends  of  the  garter  may  be  left  at  liberty: 
roll  thefe  round  the  firfl  finger  of  each  hand,  and 
flop  the  ears  clofe  with  thefe  fingers ; drike  the 
poker  againd  any  hard  fubdance,  and  you  will 
hear  an  amazing  deep  tone,  fcarcely  equalled  by 
the  larged  and  deeped  bell. 

Here  is  a drinking-glafs  nearly  filled  with 
water  which  gives  a fweet  ringing  found  : on  my 
rubbing  the  top  of  my  finger  with  a gentle 
equable  motion  along  the  rim,  the  furface  of  the 
water  k fretted  and  curdled  into  the  fined  waves 
by  the  deflations  of  the  air  ; yet  fuch  is  the  na- 
ture oi  thefe  undulations,  that  the  flame  of  a 
candle  is  not  vifibly  agitated  when  placed  near  a 
fonorous  body  of  the  larged  magnitude.  It  does 
not  appear  that  thefe  undulations  produce  any  pro- 
greflive  flux  of  the  particles  of  air,  but  that  they 
proceed  from  a vibratory  motion  of  thefe  parti- 
cles in  their  proper  places ; fo  that  the  motion 
producing  found  is  not  fimilar  to  that  of  wind;  yet 
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the  motion  of  the  wind  can  ad  as  a caufe  of 
found,  which  you  have  no  doubt  obferved  with 
the  Eolian  harp. 

Scarce  any  thing  was  done  on  this  fubjcd  of 
any  importance,  till  the  fagacity  of  our  incompa- 
rable Newton  firfl  explained  the  laws,  according 
to  which  the  aerial  pulfes  are  propagated.  It  was 
he  who  firft  difeovered  that  the  pulfes  of  the  air 
are  propagated  in  all  directions  round  the  founding 
body ; and  that  during  their  progrefs  and  regrefs 
they  are  twice  accelerated,  and  twice  retarded,  ac- 
cording to  the  lawr  of  a pendulum  vibrating  in  a 
cycloid  ; and  thefe  difeoveries  are  the  foundation 
of  almoft  all  our  reafoning  on  found. 

Before  we  proceed  it  will  be  neceffary  to  make 
you  a little  acquainted  with  fome  properties  of  the 
pendulum,  of  which  I fhall  probably  treat  more 
at  large  in  one  of  the  fubfequent  leCtures. 

When  two  pendulums  vibrate,  which  are  ex- 
actly of  the  fame  length,  their  vibrations  are  per- 
formed in  equal  times  : if  they  fet  out  together  to 
deferibe  equal  arcs  they  will  confent  together  in 
their  motions  till  they  are  at  reft;  and  if  the  arcs 
be  fmall,  all  the  vibrations  of  each,  when  com- 
pared with  one  another,  will  be  ifoebronous.  But 
if  one  of  thefe  pendulums  is  twice  as  long  as  the 
other,  the  vibrations  of  the  longer  will  be  twice  as 
flowr  as  thofe  of  the  Ihorter  ; in  other  words,  the 
times  of  their  vibrations  will  be  as  the  fquare  root 
of  their  lengths. 

A pendulum  is  fixed  to  one  point,  a mufical 
firing  is  extended  between  two  points,  and  in  it’s 
vibrations  may  be  compared  to  a double  pen  vi- 
brating in  a very  fmall  arc,  whence  firings  of  dif- 
ferent lengths  may  confent  in  their  motions  after 
the  manher  of  pendulums  : but  then  it  mufl  be 
noted,  that  as  a mulical  firing  is  two  pendulums, 
not  one  only,  it  is  not  neceffary  to  quadruple  the 

length. 
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length,  in  order  to  make  the  time  of  a vibration 
twice  as  great;  it  will  be  fufficient  only  to  double 
it  ; and  whatever  height  the  pendulum  falls  from 
on  one  fide,  fo  much  it  will  rife  on  the  other;  fo 
will  the  elaflic  mulical  firing  continue  to  vibrate 
from  one  fide  to  the  other  for  fome  time,  and  each 
of  it’s  little  vibrations,  like  thofe  of  a pendulum, 
will  be  performed  in  times  exadtly  equal  to  each 
other. 

Thus  do  we  gain,  from  the  analogy  between 
a pendulum  and  a mulical  firing,  a more  adequate 
conception  of  a fubject  that  could  never  be  un- 
derflood  till  this  analogy'  was  difeovered ; it  ex- 
plains why  every  mulical  found  preferves  the  fame 
pitch  from  beginning  to  the  end,  as  long  as  it  can 
be  diflinguifhed  by  the  ear;  and  why  the  pitch  is 
ftill  unvaried,  whether  the  found  be  loud  or  foft  ; 
and  all  this,  becaufe  the  vibrations  of  the  fame 
pendulum,  whether  they  are  longer  or  fhorter, 
when  compared  among  themfelves,  are  found  to 
be  all  deferibed  in  equal  times  till  the  pendulum 
be  at  reft;  the  difference  of  the  fpace  which  is 
moved  over,  compenfating  for  the  flownefs  of  the 
motion  in  it’s  decay. 

To  illuflrate  flill  further  this  fubjcdl,  flrctch 
a piece  of  catgut  upon  thefe  two  pins:  I now- lay 
hold  cf  it  in  the  middle,  and  pull  it  upwards  ; I 
let  it  go,  and  you  obferve  that  it  fir  ft  flraightcns 
itfelf,  or  returns  to  it’s  original  pofition,  then 
bends  itfelf  as  far  the  contrary  way;  the  firing 
acquiring  fufficient  force  when  it  was  bent  one 
way  to  bend  itfelf  as  far  the  other,  and  to  con- 
tinue moving  backward  and  forward,  till  the  re- 
finance of  the  air  and  the  frklion  deflroys  the 
velocity  which  the  firing  acquires  by  the  force  of 
elaflicity.  It. is  obvious,  that  when  the  firing  is 
thus  let  fly  from  the  finger,  whatever  be  it’s  own 
motion,  fuch  alfo  will  be  the  motion  of  the  par- 
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tides  of  air  that  fly  before  it;  the  air  will  be 
driven  forward,  and  by  that  means  condenfed. 
When  this  condenfcd  air  expands  itfelf,  it  will  ex- 
pand itfelf  not  only  towards  the  firing;  but  as  the 
elafticitv  thereof  ads  in  all  directions,  it  will  alfo 
expand  itfelf  forwards,  and  condenfe  the  air  that 
lies  beyond  it  : this  laid  condenfcd  air,  by  it’s  ex- 
panlion, will  produce  the  fame  died  on  the  air 
that  lies  Hill  further  forwards;  and  thus  the  mo- 
tion produced  in  the  air,  by  the  vibration  of  the 
claftic  body  being  conftantly  carried  forward,  will 
be  conveyed  to  the  ear.  The  contiguous  parts  of 
the  air  going  forwards  and  backwards  by  turns, 
will  be  fubjed  to  the  like  vibrating  motion  with 
the  parts  of  the  fonorous  body ; and  as  the  firft: 
parts  were  condenfcd  in  their  progrefs,  and  relaxed 
in  their  regrefs,  fo  will  the  other  parts  as  often  as 
they  go  forwards  be  condenfcd,  and  as  often  as  they 
go  backwards  be  relaxed  : and  therefore  they  will 
not  all  go  backwards  and  forwards  together ; for 
then  their  refpedive  diftances  would  be  always  the 
fame,  and  confequently  they  could  not  be  alter- 
nately rarified  and  condenfed ; whereas  they  meet 
each  other  when  they  are  condenfed,  and  go  from 
each  other  when  they  are  rarified  ; one  part  of 
them  muft  therefore  necelfarily  go  forwards,  whilft 
the  other  goes  backwards  by  alternate  changes 
from  fir  11  to  laft. 

As  thele  condcnfations  of  air  are  what  ftrike 
(puff ant)  upon  the  ear,  or  upon  any  obftacle  that 
is  in  their  way,  they  are  called  pulfes;  found  in 
the  air  through  which  it  is  conveyed  confifts  of 
fuch  pulfes.  It  will  be  neceffary  to  relate  to  you 
fomew  hat  of  the  nature  of  thefe  pulfes  and  their 
properties : for  the  demonftration,  as  purely  ma- 
thematical, I muft  refer  you  to  thofe  writers  w ho 
have  written  particularly  on  this  lubjed. 
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But  here  I muft  obferve  that  thefe  pulfes  arc 
fometimes  produced  without  fuch  vibrations  of  the 
founding  body.  In  thefe  cafes  we  have  to  difcover 
by  what  caufe  thefe  condenfations  or  pulfes  may  be 
produced,  without  any  vibrations  in  what  is  conii- 
dered  as  the  founding  body.  We  have  two  inftances 
of  this  fort ; one  in  wind  inftruments,  fuch  as  a 
flute,  or  an  organ-pipe  ; the  other  in  the  difcharge 
of  a gun  : in  an  organ,  or  in  a flute,  the  air  which 
is  driven  through  the  pipe  flrikes  againft  the  edge 
of  the  lips  in  it’s  paflage,  and,  by  being  accumu- 
lated there,  is  condenfed ; and  from  this  conden- 
fation  the  pulfes  are  propagated.  When  a gun 
is  difeharged,  the  powder  upon  taking  Are  expands 
the  air  about  it  ail  at  once,  and  confequently  con- 
denfes  the  air  which  encompafles  the  fpace  where 
this  expanfion  happens ; for  whatever  air  is  driven 
out  of  that  fpace  where  the  expanlion  is  made  will 
be  forcibly  driven  into  the  fpace  all  round  it. 
This  condenfation  is  the  firfl:  pulfe,  and  as  this  ex- 
pands again  by  it’s  elaflicity,  pulfes  of  the  fame 
fort  will  be  produced  and  propagated  forwards. 

The  parts  of  all  founding  bodies  vibrate  ac- 
cording to  the  laws  of  a cycloidal  pendulum ; as 
the  vibrations  therefore  of  the  fonorous  body  fol- 
low each  other  at  equal  intervals  of  time,  the 
pulfes  which  are  excited  by  thofe  feveral  vibrations 
will  alfo  fuccecd  each  other  at  the  fame  equal  in- 
tervals of  time. 

Sounding  bodies  propagate  their  motions  on 
all  fides  diredly  forwards,  by  fucceflive  conden- 
fations and  rari  fad  ions,  and  fuccelfive  going  for- 
wards and  returning  backwards  of  the  particles  ; 
fo  that  found  is  driven  in  all  directions  backwards 
and  forwards,  upwards,  downwards,  and  on  every 
Ade  ; the  pulfes  go  on  fucceeding  each  other,  bur 
one  without-fide  the  other,  like  circles  in  dif- 
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turbed  water;  or,  rather  in  concentric  (hells,  (bell 
above  (hell,  as  we  fee  in  the  coats  of  an  onion. 

The  pulfes  are  thofe  parts  of  the  air  which 
vibrate  backwards  and  forwards ; and  which,  by 
cfoing  forward,  ftrike  again!!  obftacle^.  The  la- 
titude of  a pulfe  is  the  rectilineal  fpace  through 
which  the  motion  of  the  air  is  propagated  during 
one  vibration  of  the  founding  body. 

All  pulfes  move  equally  faft  : this  has  been 
proved  by  experiment ; and  it  is  found  that  they 
defcribe  1070  Paris  feet,  or  1 142  London  feet,  in  a 

fecond,  whether  the  found  be  loud  or  low,  grave  or 

* 

acute. 

Sounds  may  differ  from  one  another  both  with 
refpeCt  of  their  tone,  and  in  refpect  of  their  in- 
tenlity  or  ftrength:  in  refpedl  of  their  tone  they 
are  diftinguifhed  into  grave  and  acute : in  refpedt 
of  their  intenlity  they  are  diftinguifhed  into  loud 
or  ftrong,  low  or  weak.  The  tone  of  a found  de- 
pends upon  the  time  that  an  impreffion  continues, 
and  is  not  altered  by  the  didance  of  the  ear  from 
the  founding  body.  But  the  intenfity  or  ftrength 
of  any  found  depends  upon  the  force  with  which 
the  particles  of  air,  as  they  are  condenfed,  ftrike 
the  ear;  and  this  force  is  different  at  different 
diftances;  fo  that  a found  which  is  very  loud, 
when  we  are  near  the  body  that  produces  it,  will 
be  weaker  if  we  are  farther  from  it ; and  the  dif- 
tance  may  be  fo  great  that  we  cannot  hear  it  at  all. 
Mathematicians  (hew  that  the  intenfity  of  found 
at  different  diftances  from  the  founding  body , is  in - 
verfely  as  the  fquare  oft  the  diftances. 

Sound  moves  with  the  fame  velocity  at  all 
diftances  from  the  founding  body . 1 he  found  ot  a 

cannon,  or  a bell,  moves  at  the  rate  of  1142  feet 
in  a fecond  at  all  diftances  from  the  gun  or  bell. 
If  it  moves  at  this  rate  for  the  ftrft  mile,  it  will 

move 
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move  at  the  fame  for  the  fecond  mile  : fo  that  a 
perfon  who  is  within  one  mile  of  a cannon  when 
it  is  difcharged,  will  hear  the  report  juft  as  foon 
again  as  another  who  is  at  the  diftance  of  two 
miles.  The  velocity  of  found  docs  not  decreafe 
as  it  is  propagated  forwards,  but  continues  the 
.fame  from  the  hrft  to  the  laid  : but,  though  the 
velocity  of  found  is  not  altered,  while  each  pulfe 
is  produced  in  an  equal  time ; fo  that  though  the 
velocity  with  which  the  particles  vibrate  decreafcs 
as  the  found  fpreads,  and  confequcntly  decays  .till 
it  ceafes  entirely;  yet  the  velocity  with  which  the 
found  itfelf  is  propagated,  continues  the  fame  to 
the  laid;  or  the  velocity  with  which  it  is  moving 
at  the  time  that  it  flops,  is  the  fame  velocity  with 
which  it  began  to  move. 

Sounds  of  different  tones  move  with  the  fame 
velocity.  This  is  very  evident ; for  a peal  of  bells 
are  heard  in  the  fame  order  in  which  they  are  rung, 
whether  we  are  near  or  at  a diftance. 

Sounds  of  different  intensities  are  propagated 
with  the  fame  velocity.  A low  found  cannot  be 
heard  indeed,  fo  far  as  the  loud  one  may : yet 
founds,  either  low  or  loud,  will  be  conveyed  in  an 
equal  time  to  any  equal  diftance  at  which  either 
of  them  can  be  heard.  The  report  of  a cannon 
does  not  move  fafter,  or  pafs  over  a given  fpace, 
fooner  than  the  found  of  an  elaftic  firing. 

The  principal  caufe  of  the  decay  of  found  is 
the  want  of  perfeeft  elafticity  in  the  air  : whence 
it  arifes  that  every  fubfequent  particle  has  not 
the  entire  motion  of  the  preceding  particle  com- 
municated to  it,  as  in  the  cafe  of  equal  and  per- 
fectly elaftic  bodies  ; confequently  the  farther  the 
motion  is  propagated,  the  more  will  the  velocity 
with  which  the  particles  move  be  diminifhed  ; the 
condenfation  of  air  will  be  diminifhed  alfo,  and 
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the  farther  the  pulfe  is  propagated  the  more  is  the 
denfity;  and  confequently  the  impulfe  on  the 
drum  of  the  ear  diminifhed.* 

And  that  the  defedfc  of  perfect  elafticity  in 
the  air  is  a principal  caufe  of  the  decay  of  found, 
appears  from  this  ; that  founds  are  perceived  more 
diitindtly  when  north,  north-eaft,  and  eafterly  winds 
prevail,  at  which  time  the  air  is  dry,  and  confc- 
quently  more  elaftic  ; for  vapours  diffufed  through 
the  atmofphere,  unlefs  dilated  by  intenfe  heat,  di- 
mini ih  the  fpring  of  the  air. 

Sound  requires  a fenfible  time  for  it’s  propa- 
gation, or  paffage  from  one  place  to  another  : on 
difeharging  a gun  the  report  is  not  heard  till  fomc 
time  after  the  flafh  has  been  feen ; for  light  moves 
much  fwifter  than  found,  coming  from  the  fun  in 
eight  minutes,  or  72420  leagues  in  a fecond ; fo 
that  the  velocity  of  light  may  be  confidered  as  in- 
ftantaneous  : and  as  found  takes  up  a confiderable 
time  in  it’s  paffage,  the  interval  between  the  flafh 
and  report  of  the  gun  fliews  us  the  fpace  that  is 
palfed  over  in  a given  time. 

From  a fet  of  curious  experiments  made  at 
different  times  by  different  people,  we  obtain  the 
following  refults  : 1.  That  the  mean  velocity  of 
found  is  about  one  mile  in  nine  half-feconds  and  a 
quarter,  or  1142  feet  in  one  fecond  of  time: 
2.  That  all  founds,  whether  they  be  weak  or 
ilrong,  great  guns,  or  fmall,  &c.  have  the  fame 
velocity:  3.  That  it  moves  through  equal  fpaces 
in  equal  time,  being  the  fame  at  the  end  as  at  the 
beginning  : 4.  That  it  is  the  fame  by  night  or  by 
day,  hot  or  cold  weather,  winter  or  fummer : 

5.  That 

1 j 

**  Other  caufes  of  the  decay  of  found  have  been  affigned, 
but  they  have  been  proved  to  be  inadequate  to  the  purpofe  bv 

Mr.  Young,  of  Dublin,  in  his  Inquiry  into  the  Phenomena  o£ 
Sound* 
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5.  That  it  is  alfo  the  fame  whether  the  cannon  be 
directed  to  or  from  the  place : 6.  That  there  is  a 
final!  difference  in  the  velocity  of  founds,  with  or 
againft  the  wind  ; 7.  It  is  alfo  fomewhat  augmented 
or  diminiihed  by  a difference  in  the  ffrength  or 
weaknefs  of  the  wind. 

Of  the  Speaking  Trumpet. 

The  augmentation  of  found  by  this  inftru- 
ment,  depends  on  it’s  reflexion  from  the  tremulous 
tides  of  the  tube,  which  reflexions,  by  confpiring 
to  propagate  the  pulfes  in  the  fame  direction,  in- 
create  it’s  intenlity.  Farther,  when  we  fpcak  in 
the  open  air,  the  effect  on  the  tympanum  of  a 
diftant  auditor  is  produced  merely  by  a Angle 
piilfe  : but  when  we  ufe  a tube  all  the  pulfes  pro- 
pagated from  the  mouth,  except  thofe  in  the  di- 
rection of  the  axis,  ffrike  againft  the  ftdes  of  the 
tube,  and  every  point  of  impulfe  becoming  a new 
center,  from  whence  the  pulfes  are  propagated  in 
all  directions,  a pulfe  will  arrive  at  the  ear  from 
each  of  thofe  points.  Thus,  by  the  ufe  of  a tube, 
a greater  number  of  pulfes  are  propagated  to  the 
ear  ; and  confequcntly  the  found  increafed.  The 
confinement  of  the  voice  may  alfo  have  fome 
effect,  though  not  fuch  as  is  generally  aferibed  to 
it  ;*  for  the  condcnfed  pulfes  produced  by  the 
naked  voice,  expand  freely  every  way ; but  in 
tubes  the  lateral  expanfion  being  diminifhed,  the 
direct  expanfion  will  be  increafed,  and  confe- 
quently  the  velocity  of  the  particles  and  the  in- 
tenlity of  the  found.  The  fubftance  of  the  tube 
has  alfo  it’s  effeCt ; for  the  more  fufceptible  it  is 
of  tremulous  motions,  the  ftronger  is  the  effect. 

If 

* For  the  errors  in  accounting  for  the  effefts  of  the  tube^ 
fee  Mr.  Young’s  inquiry  into  the  Phenomena  of  Sound. 
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If  the  tube  be  laid  on  any  non-elaftic  fub fiance 
it  deadens  the  found,  becaufe  it  prevents  the  vibra- 
tory motion  of  the  parts.  The  found  is  increafed,  if 
the  fpeaking  trumpet  be  fufpended  in  the  air,  be- 
caufe the  agitations  are  then  carried  on  without 
interruption.  Thefe  tubes  fhould  increafe  in  dia- 
meter from  the  mouth-piece,  becaufe  the  parts 
vibrating  in  diredtions  perpendicular  to  the  fur- 
face  will  confpire  in  impelling  forward  the  par- 
ticles of  air ; and,  confequently,  by  increaling  their 
velocity  will  increafe  the  intenfity  of  the  found ; 
and  thefurface  alfo  increafing  the  number  of  points 
of  impulfe,  and  of  new  propagations,  will  increafe 
proportionally. 

Of  Echos. 


This  fubjedl  cannot  be  fully  underflood  with- 
out reference  to  mathematical  reafonings,  which 
we  have  endeavoured  to  avoid  as  much  as  pofTible: 
we  can  only,  therefore,  make  a few  obfervations  in 
this  place,  referring  the  reader  to  Mr.  Young’s 
excellent  work  for  a clear  and  full  explanation. 
He  fhews  that  the  ufual  pofition  of  moft  writers, 
that  found  obferves  the  law  of  all  other  reflexions; 
that  is  to  fay,  that  the  angle  of  reflexion  is  equal 
to  the  angle  of  incidence,  is  erroneous  ; for  in  found 
every  point  of  impulfe  becomes  a center,  from 
which  a new  feries  of  pulfes  arc  propagated  in 
every  angle  whatfoever.  The  principles  on  which 
echos  are  founded  are  therefore  thefe  : 1 . Every 
point  againfl  which  the  pulfes  flrike  becomes  a 
center  of  a new  feries  of  pulfes  : 2.  That  fouqd 
deferibes  equal  fpaces  in  equal  times ; therefore, 
when  any  found  is  propagated  from  a center,  and 
it’s  pulfes  flrike  againfl  a variety  of  obftaclcs,  if 
the  fum  of  the  right  lines  drawn  from  that  point 
to  each  of  the  obltacles,  and  from  each  obftacle  to 


a fecond  point,  be  equal,  then  will  the  latter  be  a 
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point  in  which  an  echo  can  be  heard.  Thus,  let 
A (fig.  ii,  pi.  4,)  be  the  point  from  which  the 
found  is  propagated  in  all  dire&ions,  and  let  the 
pulfes  (trike  againft  the  obftacles  C,D,E,F,G,H,I> 
each  of  thefe  points  becomes  a new  center  of  pulfes 
by  the  firft  principle ; and  therefore  from  each  of 
them  one  feries  of  pulfes  will  pafs  through  the 
point  B.  Now,  if  the  fums  of  the  right  lines 
AC+CB',  AD+DB,  AE+EB,  AG  + GB,  AH+Hli" 
AI+IB,  be  all  equal  to  each  other,  it  is  obvious 
that  the  pulfes  propagated  from  A to  thefe  points, 
and  again  from  thefe  points  to  B,  will  all  arrive 
at  B at  the  fame  inftant,  according  to  the  fecond 
principle ; and  therefore,  if  the  hearer  be  in  that 
point,  his  ear  will  at  the  fame  inftant  be  (truck 
by  all  thefe  pulfes.  Now  it  appears  from  experi- 
ment, the  ear  of  an  exercifed  mulician  can  only 
diftinguiih  fuch  founds  as  follow  one  another  at 
the  rate  of  nine  or  ten  in  a fecond,  or  any  Bower 
rate : and  therefore  for  a diftinCl  perception  of 
the  diredt  and  reflected  found,  there  fhould  inter- 
vene the  interval  of  one-ninth  of  a fecond  ; but 
in  this  time  found  defcribes  , or  127  feet 
nearly;  and  therefore  unlefs  the  fum  of  the  lines 
drawn  from  each  of  the  obftacles  to  the  points  A 
and  B,  exceeds  the  interval  AB  by  127  feet,  no 
echo  will  be  heard  at  B.  Since  the  feveral  fums 
of  the  lines  drawn  from  the  obftacles  to  the 
points  A and  B,  are  of  the  fame  magnitude,  it 
appears  that  the  curve  palling  through  all  the 
points  C,  D,  E,  E,  G,  H,  I,  &c.  will  be  an  ellipfe : 
hence  all  the  points  of  the  obftacles  which  pro- 
duce an  echo  muft  lie  in  the  furface  of  the  oblong 
fpheroid,  generated  by  the  revolution  of  this 
ellipfe  round  it’s  major  axis.  As  thei*e  may  be 
feveral  fuch  fpheroids  of  different  magnitudes,  it 
follows  that  there  may  be  feveral  different  echos 
ef  the  fame  original  found;  and  as  there  may 
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happen  to  be  a greater  number  of  reflecting  points 
in  the  furface  of  an  exterior  fpheroid  than  in  that 
of  an  interior,  a fecond  or  a third  echo  may  be 
much  more  powerful  than  the  firft ; provided  that 
the  fuperior  number  of  reflecting  points,  that  is, 
the  fuperior  number  of  reflected  pulfes  propagated 
to  the  ear,  be  more  than  fuffleient  to  compenfate 
for  the  decay  of  found  which  arifes  from  it’s 
being  propagated  through  a greater  fpace.  This 
is  finely  ilkiflrated  in  the  celebrated  echos  at  the 
lake  of  Killarney,  in  Kerry,  where  the  firft  return 
of  the  found  is  much  inferior  in  ftrength  to  thofe 
that  immediately  fucceed  it. 

It  is  not  abfolutely  neceffary  that  the  reflect- 
ing points  C,  D,  E,  F,  &c.  producing  an  echo, 
fhould  lie  accurately  in  the  periphery  of  an  cllipfe; 
for  if  the  fums  of  the  right  lines  AC-fCB, 
Ad  + d'b,  &c.  do  not  differ  from  each  other  by 
more  than  127  feet,  the  pulfes  propagated  from 
thefe  points  will  not  be  diftinguifhable.  However, 
the  nearer  thefe  fums  approach  to  equality,  the 
more  accurate  will  be  the  coincidence  of  the 
pulfes,  and  confequently  the  echo  will  be  the  more 
diftinCt. 

From  what  has  been  laid  down  it  appears  that, 
for  the  moft  powerful  echo,  the  founding  body 
fhould  be  in  one  focus  of  the  ellipfe,  which  is 
the  feClion  of  the  echoing  fpheroid,  and  the  hearer 
in" the  other:  however,  an  echo  may  be  heard  in 
other  fituations*  though  not  fo  favourably ; as  fuch 
a number  of  reflected  pulfes  may  arrive  at  the 
fame  time  at  the  ear  as  may  be  fuflicient  to  excite 
a diftinCt  perception.  Thus,  a perfon  often  hears 
the  echo  of  his  own  voice  ; but  for  this  purpofe  he 
fhould  ftand  at  leaft  63  or  64  feet  from  the  re- 
flecting obftacle,  according  to  what  has  been  faid 
before.  At  the  common  rate  of  fpeaking,  we 
pronounce  not  above  three  fyl tables  and  an  half, 
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that  i£,  fe'ven  half  fyllables  in  a fecond  : therefore, 
that  the  echo  may  return  juft  as  foon  as  three  fyl- 
lables are  exprefled,  twice  the  diftance  of  the 
fpeaker  from  the  reflecting  objedt  muft  be  equal 
to  iooo  feet;  for  as  found  describes  1142  feet  in 
a fecond,  lix-fevenths  of  that  fpace,  that  is,  1000 
feet  nearly,  will  be  deferibed  while  fix  half,  or  three 
whole  fyllables  are  pronounced;  that  is,  the  fpeaker 
muft  ftand  near  500  feet  from  the  obftacle : and 
in  general,  the  diftance  of  the  fpeaker  from  the 
echoing  furface,  for  any  number  of  fyllables,  muft 
be  equal  to  the  feventh  part  of  the  produdt  of  1 140 
feet  multiplied  by  that  number. 

In  churches  we  never  hear  a diftindt  echo  of 
the  voice,  but  a confufed  found  when  the  fpeaker 
litters  his  words  too  rapidly ; becaufe  the  greateft 
difference  of  diftance  between  the  diredt  and  re- 
fledled  qourfes  of  fuch  a number  of  pulfes  as 
would  produce  a diftindt  found,  is  never  in  any 
church  equal  to  127  feet,  the  limit  of  echos. 

But  though  the  firft  refledted  pulfes  may  pro- 
duce no  echo,  both  on  account  of  their  being  too 
few  in  number,  and  too  rapid  in  their  return  to- 
the  ear ; yet  it  is  evident,  that  the  refledting  fur- 
face  may  be  fo  formed,  as  that  the  pulfes  which 
come  to  the  ear  after  two  refiedtions  or  more,  may, 
after  having  deferibed  127  feet,  or  more,  arrive 
at  the  ear  in  fufficient  numbers  ; and  alfo,  fo  nearly 
at  the  fame  inftant  as  to  produce  an  echo,  though 
the  diftance  of  the  refledting  furface  from  the  ear 
be  lefs  than  the  limits  of  echo.  This  is  confirmed 

t 

by  a Angular  echo  in  a grotto  on  the  banks  of  the 
little  brook  called  the -Di nan,  about  two  miksirom 
Caftlccomer,  in  the  county  of  Kilkenny.  As  you 
enter  the  cave,  and  continue  fpeaking  loud,  no  re- 
turn of  the  voice  is  perceived  ; but  on  your  ar- 
riving at  a certain  point,  which  is  not  above  14 
or  1 5 feet  from  the  refledting  furface,  a very  dif- 
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tinct  echo  is  heard.  Now  this  echo  cannot  a rife 
from  the  firft  courfe  of  pulfes  that  are  reflected  to 
the  ear,  becaufe  the  breadth  of  the  cave  is  fo  fmall 
that  they  would  return  too  quickly  to  produce  a 
diftintf:  fenfation  from  that  of  the  original  found  : 
it  therefore  is  produced  by  thofe  pulfes  which, 
after  having  been  refledled  feveral  times  from  one 
fide  of  the  grotto  to  the  other,  and  having  run 
over  a greater  fpace  than  12 7 feet,  arrive  at  the 
ear  in  confiderable  numbers,  and  not  more  diftant 
from  each  other  in  point  of  time  than  the  ninth 
part  of  a fecond. 

The  following  obfervations  on  the  phenomena 
of  found,  and  the  vibration  of  firings,  which  were 
communicated  to  me  by  a very  ingenious  philofo- 
pher,  will  be  found  to  merit  your  attention. 

The  phenomena  of  found  and  the  vibration 
of  firings  have  received  much  illuflration  from 
the  fkilfui  experiments,  and  accurate  calculations 
of  many  judicious  mathematicians  ; but  the  mode 
in  which  vibration  is  effedled  and  continued  in  fo- 
norous  bodies,  and  propagated  through  elaflic  me- 
diums, does  not  appear  to  have  been  properly  at- 
tended to. 

“To  fliew  that  found  is  not  propagated  by 
undulations  or  waves,  fuch  as  we  fee  produced  in 
w ater  by  throwing  a flone  therein,  I fhall  firft  point 
out  the  infufficiency  of  the  hypothefis,  and  after- 
wards indicate  the  mode  in  which  I imagine  founds 
are  propagated  through  the  medium,  and  the  fort 
of  movement  firings  receive  when  in  vibration. 

f<  It  is  known  from  experiments  that  found 
proceeds  from  a center  fpherically  with  equal  ve- 
locities, whether  the  caufe  or  vibration  of  the  fo- 
norous  body  be  grave  or  acute,  flrong  or  weak. 
It  is  obvious  that  water,  which  may  be  confidered 
as  an  incompreffible  fluid,  cannot  be  undulated 
from  a center  fpherically;  as  in  this  cafe  the  en-. 
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tire  mafs  muft  be  moved,  from  the  nature  of  in- 
compreflibility  (and  yet  water  will  tranfmit  found.) 
If  it  be  granted  that  an  incompreffible  fluid  cannot 
undulate  from  a center  fpherically,  but  that  a 4 
elaftic  fluid  may ; we  reply,  that  the  phenomena 
prove  found  is  not  propagated  by  fuch  undu- 
lations, though  the  medium  may  poflibly  be  fuf- 
ceptible  of  them. 

Let  A (fig.  5,  pi.  4,)  reprefent  a fonorous  body 
producing  the  equal  and  fucceflive  undulations, 
b,  c,  d,  &c.  from  a center  fpherically,  it  is  evi- 
dent they  would  continue  ad  infinitum>  equal 
caufes  producing  equal  effects,  as  the  wave  n is 
equal  to  the  wave  bi  and  the  medium  is  the  fame ; 
confequently  found  fhould  never  decreafe,  as  an 
equal  wave  of  the  fame  medium  would  ftrike  the 
ear  at  d or  at  and  produce  equal  found,  which  is 
contrary  to  fadh  Let  A be  fuppofed  to  produce 
undulations  decreafing  in  the  inverfe  ratio  of  the 
fquare  of  the  diflance,  the  velocity  of  found  would 
detreafe  in  that  proportion ; but  this  is  alfo  con- 
trary to  fadf,  for  found  is  always  uniform. 

“ It  is  plain,  therefore,  that  the  phenomena 
in  either  cafe  do  not  correfpond  with  the  hypo- 
thefis,  which  confequently  cannot  be  true. 

u Let  us  now  fay  by  what  means  found  is  pro- 
pagated or  tranfmitted  through  the  mediums  pro- 
per for  it’s  tranfmiffion. 

f<  Sound  proceeds  progreflively  through  the  air. 
with  an  equal  velocity,  decreafing  in  force,  if  the 
medium  be  of  equal  denfity,  in  the  inverfe  ratio  of 
the  fquare  of  the  diflance  from  the  fonorous  body. 
Now  it  is  demonflrated  that  undulations  or  waves 
in  the  air  would  not  produce  the  phenomena,  as 
they  would  neceflarily  produce  equal  force  with 
equal  velocity,  or  unequal  velocity  with  unequal 
force : and  as  motion  or  force  can  only  be  tranf- 
mitted from  one  body  to  another.,  by  dirett  motion , 
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or  change  of  place,  or  by  rotatory  motion  without 
change  of  place ; and  as  diredt  motion  is  ineffi- 
cient to  explain  the  cafe,  it  remains  to  try  whether 
the  rotatory  motion  of  the  particles  agrees  better 
with  the  known  phenomena.’'' 

(<  Before  we  proceed  further,  it  will  be  neceffiary 
to  fay  a few  words  on  the  movement  of  vibration 
in  the  Bring,  or  fonorous  body.  Let  A B (jig.  7 >pl.  4,) 
reprefent  a muBcal  Bring  ; place  a bit  of  paper  on 
the  Bring  (fig.  7,  pi.  4,)  and  make  it  vibrate  : the 
paper  will  turn  round  in  the  direction  in  which 
the  Bring  is  Bruck  till  the  vibration  ceafes.  Now 
it  is  plain  if  the  Bring  ofcillated>  the  paper  would 
not  turn  round,  but  fimply  move  from  Bde  to  Bde 
with  the  Bring ; and  if  the  Bring  moved  from 
the  center,  as  when  you  take  a cord  in  your  hand, 
the  one  end  faB,  and  turn  it  round,  it  would  be 
twiBed,  and  naturally  turn  back  again  to  get  rid  of 
the  twiB ; and  confequently  would  turn  the  cord 
back  again,  &c. 

“ But  the  cord  only  moves  one  way  ; the  Bring, 
therefore,  only  moves  one  way,  and  that  way  is  in 
a fpiral  diredfion,  (fig.  8,  pi.  4,)  no  other  being 
proper  to  produce  the  effedt.  The  force  returning 
by  means  of  a fubtle  medium,  and  the  vibration 
decreaBng  in  proportion  to  the  denBty  of  the  me- 
dium it  vibrates  in,  as  it  naturally  communicates 
more  or  lefs  force,  according  to  the  number  of 
particles  it  touches  in  a given  time,  as  the  Bring 
obviouBy  turns  in  a fpiral,  and  does  not  return ; 
it  is  plain  the  force  can  only  be  kept  up  by  a 
fubtle  medium  : now,  the  Bring  in  turning  (fig.  9, 
jt.  4,)  when  at  a>  Brikes  a particle  of  air  0 ; and  as 
it  makes  the  circle  a,  b,  before  it  Brikes  it  again, 
that  time  is  the  meafure  of  the  vibration ; each 
particle  of  air  Bruck  is  neceflarily  turned  round 
it’s  axis  with  a velocity  proportioned  to  the  Broke  ; 
a turns  bj  b turns  b,  b,  c,  &c.  but  as  the  number 
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ot  particles  incrcafe  in  the  ratio  of  the  fquare  of 
the  diftance,  and  the  force  is  equally  divided  be- 
tween the  particles;  their  rotatory  velocity  dc- 
creafes  in  that  ratio,  and  confequently  their  im- 
pulfion,  or  power  to  produce  found  ; but  their  pro- 
greffive  velocity  from  A to  d (fig.  io,  pi.  4,)  is 
undimmifhed  : for,  although  b has  four  times  the 
velocity  of  c,  and  nine  times  that  of  d,  yet  b,  c, 
and  d employ  equal  time  to  communicate  their 
unequal  forces  to  the  contiguous  particles.  Indeed, 
if  we  examine  the  nature  of  communicating  force 
or  motion  from  one  body  to  another,  you  will  pro- 
bably find  that  folid  bodies  always  vibrate>  and 
that  fluids  alwrays  have  a rotatory  motion  : for  let 
us  fuppofe  an  incompreffible  fluid  with  it’s  par- 
ticles in  contact,  it  is  evident  that  a fluid  could 
only  communicate  force  or  motion  from  one  body 
to  another  by  the  entire  motion  of  the  intervening 
fluid,  or  by  the  rotation  of  it’s  particles : but  as 
we  have  no  idea  that  motion  can  be  communi- 
cated but  by  motion,  it  feems  difficult  to  conceive 
how  a,  can  tranfmit  force  to  b and  c,  without 
being  itfelf  firft  moved ; and  in  this  hypothecs, 
a,  can  only  have  a rotatory  motion  with  the  entire 
a c ; but  as  it  is  not  demonflrable  that  an  incom- 
prcffible  fluid  exifls,  we  can  only  prove  that  an 
elafcic  fluid,  where  the  particles  may  be  fuppofed 
feparate,  with  or  without  the  intervention  of  a 
fubtle  medium,  tranfmits  force  by  the  rotatory 
motion  of  it’s  particles,  from  the  infufficiency  of 
any  other  hvpothefis. 

((  Several  vague  and  incurred:  expreffions  have 
crept  into  the  dodtrine  of  founds  ; as,  that  found 
is  propagated  by  vibrations  in  the  air:  now  the 
air  does  not  vibrate;  for  vibration  means  a courfe 
and  recourfe  in  a given  time,  and  belongs  only  to 
the  fonorous  body  ; but  the  air  propagates  found 
progreffively  with  an  equable  velocity,  without 
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any  return:  thus,  ^oooooo  a moves  b>  b movcs  c> &c’ 
but  c never  moves  b,  nor  b,  a ; and  a remains  at 
reft  till  the  fonorous  body  returns  to  it,  and  gives 
it  a frelli  rotation ; for  if  it  were  a movement  of 
impuliion  only,  it  would  caufe  undulation ; and 
as  the  waves  would  neceflarily  decreafe,  the  velo- 
city would  decreafe  ; and  if  the  w aves  did  not  de- 
creafe the  found  would  not  decreafe,  as  a limilar 
W'ave  of  the  fame  air  would  give  the  fame  fhock, 
and  produce  the  fame  found  ; but  the  velocity  of 
found  does  not  decreafe,  and  the  force  of  found 
does  decreafe  : found,  therefore,  cannot  be  propa- 
gated by  impulfton  only ; and  as  we  cannot  ima- 
gine force  to  be  communicated  except  by  impul- 
iion or  rotation,  rotation  of  the  particles  mull  be 
the  mode  by  which  air  conveys  found. 

rc  That  a firing  makes  it’s  vibrations  by  a fpiral 
motion,  will  appear  more  evident  w hen  we  conli- 
der  that  the  force  has  at  once  a progreftive  and 
rotatory  motion:  thus,  let  AB  (fig.  6,  pi.  4,)  re- 
prefent  the  firing  of  an  harpfichord ; ftrike  at 
B,  the  force  paffes  from  B to  A,  and  as  it  move* 
along,  turns  the  firing  at  the  fame  time.  No  other 
than  a fpiral  motion  can  produce  at  once  progref- 
lion  and  rotation  ; and  as  the  force  continues  lome 
time  in  the  firing  w ithout  returning  from  A to  B 
along  the  firing,  it  feems  neceflary  to  call  in  the 
aid  of  a fubtil  fluid  to  tranfmit  the  force  from  A 
to  B.” 

Of  Musical  Sounds. 

<(  There  are  few  who  have  not  felt  the  charms 
of  mufic,  and  acknow  ledged  it’s  expreftion  to  be 
intelligible  to  the  heart.  It  is  a language  of  de- 
lightful fenfations  that  is  far  more  eloquent  than 
w ords  : it  breathes  to  the  ear  the  cleared:  intima- 
tions ; but  how  it  was  learned,  to  what  origin  w e 
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owe  it,  or  what  is  the  meaning  of  fome  of  it’s 
mod  affecting  drains,  wre  know  not. 

<f  We  feel  plainly  that  mufic  touches  and 
gently  agitates  the  agreeable  and  fublime  affedtions; 
that  it  wraps  us  in  melancholy,  and  elevates  in  joy; 
that  it  diilolves  and  inflames ; that  it  melts  us  in 
tendernefs,  and  roufes  to  anger;  but  it’s  drokes  are 
fo  fine  and  delicate,  that  while  it  wounds  it 
pleafes.  As  the  paflions  of  individuals  are  more 
cr  lefs  eadly  affedted,  fo  will  their  tade  of  har- 
mony proportionably  vary.  Mufic  is  a language 
directed  to  the  paflions  ; but  the  rudeft  paflions  put 
on  a new  nature,  and  become  plealing-  in  har- 
mony. It  awakens  paffions  that  we  do  not  per- 
ceive in  ordinary  life.  The  mod  elevated  fen- 
fations  of  mufic  arife  from  a confufed  perception 
of  ideal  or  vilionary  beauty  and  rapture ; w hich  is 
diffidently  perceivable  to  fire  the  imagination, 
but  not  clear  enough  to  become  an  objedt  of  know- 
ledge. The  nobled  charm  of  mufic,  though  real 
and  affecting,  feems  too  confufed  and  fugacious  to 
be  collected  into  a didindt  idea.  Harmony  is 
always  underdood  by  the  crowrd,  and  almod  always 
midaken  by  mudcians ; who  are  in  general  fer- 
vile  followers  of  the  tade  of  the  mode ; and  w-ho, 
having  fpent  much  time  and  pains  in  the  pradtical 
part,  lay  a drefs  on  the  dexterity  of  hands,  which 
yet  have  no  real  value,  but  as  they  ferve  to  pro- 
duce thofe  colledtions  of  found  that  move  the 
paffions. 55 

True  mufic  is  the  tuning  and  modulation  of 
the  founds  and  expreffions  of  nature,  fo  as  to  ex- 
cite anfwerable  fenfations  and  fentiments  within 

t ■ * 

ps.  Harmony  and  mind  are  connatural ; whatever 
beings  partake  of  either,  partake  of  both : hence 
it  is,  that  mufical  founds  uttered  by  human  voices^ 
or  ifliied  from  any  mufical  inftrument  of  man's  con - 

trivana\ 
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trivance,  proceed  from  w hat  is  of  Divine  origin  - 
and  the  force  of  them  is  felt  only  by  w hat  is  of  the 
fame  origin  in  others;  namely,  harmony  and  mind . 
Sound  is  nothing  more  than  the  fubjedt  matter  of 
mulic  : it  is  harmony  which  gives  forms  to  this 
matter,  and  makes  founds  to  be  mufical ,*  but  pro- 
portion, harmony,  regularity,  and  order,  are  af- 
fections of  the  percipient  principle  within  us;  from 
it  they  receive  all  their  beauty,  to  it  they  owe  all 
their  reality. 

'The  theory  of  mufical  founds  is  too  intricate 
and  fubtle  to  make  a pa*t  of  my  plan  of  in- 
ftrudtions  ; I fhall,  therefore,  content  myfelf  with 
laying  before  you  a few  bbfervations,  merely  to 
awaken  your  attention  to  this  curious  fubjedt. 

All  motion  is  in  time  andrmeafure ; and  as 
mufical  founds  proceed  from,  motion,  they  mult 
be  the  objedts  of  menfuration.  If  they  are  mea- 
furable  by  numbers,  there  will  be  between  thofe 
numbers  a variety  of  relations ; fo  that  fome,  when 
compared  with  others,  fhall  be  rational,  and  others 
irrational ; and  thefe  will  denote  the  agreements 
or  difagreements  of  founds  among  themfelves, 
which  are  called  confonances  and  aijfonances. 

Two  firings  of  equal  length,  tenfion,  and 
thicknefs,  by  performing  their  vibrations  together, 
will  found  the  fame  note,  or  be  in  unifon.  Two 
pipes  of  the  fame  length  and  diameter  will  agree 
in  the  fame  manner.  In  the  cafe  of  the  firing  the 
air  is  flruck  by  the  body,  and  the  found  is  excited. 
In  the  cafe  of  the  pipe  the  body  is  flruck  by  the 
air ; but  as  adlion  and  re-adtion  are  equal,  the  ef- 
fect is  the  fame  in  either  cafe.  If  the  pipe  wrere 
carried  forward  againit  the  air,  as  fwiftly  as  the  air 
is  driven  againfl  the  pipe,  it  would  utter  a found, 
as  when  the  air  moves  and  the  pipe  is  at  reft. 

Large  inflruments  and  long  firings  produce 
grave  or  deep  tones;  fmall  inflruments  and  fliort 

2 firings 
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firings  produce  acute  or  high  tones ; in  organ** 
pipes,  for  inflancc,  in  proportion  to  their  length 
and  dimenfions : this  is  alfo  true  in  mufical  firings. 
If  I take  a mulical  firing  of  any  length,  and  di- 
vide it  into  two  equal  parts  by  a bridge  in  the  mid- 
dle, each  half  founds  an  octave,  that  is,  eight  notes 
higher  than  the  tone  of  the  whole  firing : their 
vibrations  relative  to  the  whole  firing  areas  2 to  1 ; 
therefore,  they  perform  the  fame  number  of  vi- 
brations in  half  the  time;  confequently  the  odlave 
coincides  with  the  fundamental  note  at  every  fe- 
eend  vibration. 

Hence  you  will  obferve,  that  it  is  the  fhortefl 
-firing  of  a harpfichord  which  makes  the  high 
notes ; and  that  they  gradually  increafe  in  length 
as  you  increafe  to  the  deepefl  note  of  the  inflru- 
nient,  though  there  he  bjack  and  white  keys  on  the 
harpfichord,  and  each  flrikes  a different  note,  which 
are  called  by  the  firft  feven  letters  of  the  alphabet.  If 
you  begin  with  A,  and  flrike  feven  notes  in  fucceflion 
upwards  or  downwards,  you  will  either  way  come 
again  to  A ; they  are  not,  indeed,  the  fame  notes  as 
that  with  which  you  began,  but  they  are  octaves 
to  it,  vibrating  the  one  in  half,  the  other  in  double 
the  time.  Theic  feven  notes  are  thofe  of  a peal 
of  bells:  when  there  are  eight,  the  fmallefl  bell 
is  an  octave  to  the  largeft.  To  render  their  in- 
ftruments  more  comprehenfive,  muficians  have 
introduced  intermediate  notes  called  femi-tones; 
each  half  a tone  higher  than  the  note  below  it, 
and  confequently  half  a note  lower  than  the  note 
above.  Thcfc  are  the  fhort  white  keys  on  t(ic 
harpfichord. 

Of  Sympathetic  Sounds, 

A fyrr.pathy  is  obferved  when  mufical  firings 
are  compared  together;  and  when  the  fame  firing 
is  compared,  with  itfelf,  the  parts  fympathize  with 

the 
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the  whole.  When  one  firing  is  ftruck,  another 
that  is  near  it,  and  in  concord  with  it,  will  anfwer 
it  fo  that  the  found  may  be  diftinguifhed  by  the 
ear,  though  fomewhat  obfcurely.  When  it  can- 
not be  heard,  it’s  fympathetic  vibrations  may  be 
difcovered  by  laying  fome  light  body  on  it,  which 
will  appear  to  be  agitated,  fo  as  even  to  fall  away 
from  the  firing  : but  if  the  fame  firing  makes  a 
difeord  with  it’s  fellow,  no  motion  will  arife  in  it. 
This  died:  muft  be  fuppofed  to  depend  upon  the 
undulation  of  the  air;  which  being  according  to, 
or  in  a certain  meafure,  excite  corresponding  vibra- 
tions in  firings  that  accord  w ith  them,  but  pro- 
duce no  effed  in  thole  that  contradid  them : as 
the  vibration  of  a firing  produces  found  in  the  air, 
fo  found  already  excited,  if  of  a proper  meafure, 
will  produce  vibrations  in  a firing. 

There  is  fomething  ftill  more  fubtle  than  the 
coincidence  between  two  different  firings  in  con- 
cord. Every  lingle  firing  carries  it’s  own  har- 
mony with  it.  When  a lingle  firing  is  founded, 
there  are  certain  fecondary  and  fubordinate  vi- 
brations attending  upon  the  primary ; infomuch, 
that  it  is  queflionable  whether  there  is  any  fuch 
thing  as  a Solitary  found  in  nature. 

What  fhare  foever  man  may  feem  to  have  in. 
modifying,  all  that  is  found  in  this  world  to  de- 
light the  fenfes,  is  primarily  the  work  of  God . 
Wine  is  prepared  by  human  labour,  but  it  is  given 
us  in  the  grape  by  the  Creator.  The  prifmatic 
glafs  is  the  w ork  of  art ; but  the  glorious  colours 
it  exhibits  to  the  eye  are  from  Him  who.,  faid. 
Let  there  he  light.  Man  is  the  contriver  of  mufical 
inftruments,  but  the  principles  exciting  harmony 
are  in  the  elements  of  nature.  T he  element  of 
air  w as  as  certainly  ordained  to  give  us  harmonious 
founds  in  due  meafure,  as  to  give  refpiration  to  the 
lungs;  it  is  fo  conliituted  as  to  make  thoufands  of 

pulfes 
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pulfcs  at  an  invariable  rate,  by  means  of  which  the 
proportions  and  coincidences  of  mufical  founds  are 

prefer ved.* 

Mufic  may  be  confidered  farther,  as  the  work 
of  God  in  the  nature  of  man,  who  has  enabled  him 
to  fing  as  wTell  as  to  fpeak.  The  gift  of  fpeech 
we  cannot  derive  but  from  the  Creator,  and  the 
gift  of  Tinging  is  from  the  fame  author.  The  fa- 
culty by  which  the  voice  forms  mufcal  founds  is 
as  wonderful  as  the  flexures  of  the  organs  of  fpeech 
in  the  articulation  of  words.  The  human  pipe 
is  of  a fmall  diameter,  and  very  fhort,  when  com- 
pared with  the  pipes  of  an  organ  ; yet  it  will  dif- 
tinCUy  give  the  fame  note  with  the  pipe  of  an 
organ  eight  feet  in  length.  The  moveable  oper- 
culum on  the  pipe  of  the  human  throat,  which  is 
imitated  by  the  reed  of  the  organ,  has  but  a very 
fmall  range  : yet,  with  the  contraction  and  ex- 
panflon  of  the  throat,  it  will  utter  a fcale  of  fe- 
venteen  degrees,  and  divide  every  whole  tone  into 
an  hundred  parts,  w'hich  is  fuch  a refinement 
on  mechanifm  as  exceeds  all  defcription.  Con- 
trary to  the  opinion  of  ancient  philofophy,  it 
has  been  demonflrated  by  the  late  curious  ex- 
periments of  a very  ingenious  inquirer  into  the 
frame  of  man,  in  a neighbouring  nation,  to  be 
partly  fiutal,  and  partly  chordal  : wherein  the 
vibrating  air,  in  it’s  various  degrees  of  expiration, 
or  propulfion  from  the  lungs,  ferves  as  a bowr,  ot 
as  quills  to  (trike  upon  the  chords.  The  corref- 
pondent  vibrations  of  the  little  chords  have*  by 
his  diflecfions,  been  made  apparent  to  the  eye, 
continuing  as  long  as  the  found  continues ; the 
found  dying  awray  as  the  vibrations  ceafc.  The 
cartilages  and  mufcles,  which  ferve  varioufly  td 
extend,  or  to  remit  thefe  chords,  and  thereby  at- 
tenuate them,  or  increafe  their  diameters,  fo  as 

to 
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to  render  the  voice  either  fhriller  or  deeper,  are 
a contrivance  which  almoff  furpaffes  wonder ; el- 
pecially  when  we  confider  the  amazing  fubtlety, 
and  nice  adjuftment  of  the  machine  in  it’s  ope- 
ration ; that  the  whole  difference  of  extenfion  or 
contraction,  within  which  the  entire  extent  of  the 
human  voice  is  placed,  through  an  almoft  infinite 
variety  of  notes,  lies  within  the  compafs  of  two 
or  three  lines,  or  within  the  minute  compafs  of 
a lixth  or  fourth  part  of  an  inch.  Thus  you  fee 
that  the  works  of  God  furpafs  the  imitation,  or 
even  compreheniion  of  human  art ; wonderfully 
made  for  the  communication  of  focial  pleafure  and 
moral  improvement. 

The  fame  may  be  obferved  of  the  ear  : if 
this  were  either  more  or  lefs  fenfible,  we  fhould 
never  have  had-  any  idea  of  melody  or  harmony ; 
for  a firing  and  it’s  aliquot  divifions  are  as 
1,  i,  iVth,  &c.  and  the  number  of  vibrations  ia 
a given  time  are  as  the  numbers  1,  2,  3,  4:  con- 
fequently,  this  feries  of  founds  mull  contain  ail 
the  poflible  varieties  of  intervals.  If,  therefore, 
every  aliquot  divifion  produced  a fenfible  effedf  by 
it’s  vibration,  we  fhould  hear  in  every  mufical 
llring  an  infinite  variety  of  chords,  diffonant  and 
confonant,  in  (harp  and  flat  keys  at  the  fame  time. 
Thus  would  all  the  charms  of  melody  be  deflroyed* 
and  where  many  mufical  firings  were  founding  to- 
gether, this  confufionof  confonance  and  diffonance 
would  be  (till  farther  increafed ; and  we  fhould, 
therefore,  have  been  deprived  of  the  perception  of 
harmony. 

You  have  here  then  another  inftance  of  the 
admirable  Ikill  with  which  the  different  parts  in 
nature  have  been  adapted  to  each  other  by  their 
all-perfect  Creator.  In  other  cafes  you  have  found 
him  confulting  the  welfare  of  his  creatures ; in  the 
prefent  inftance  you  muft  infer  that  he  has  not 
' been 
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been  lefs  attentive  to  our  innocent  gratifications: 
for  had  the  human  car  been  endued  with  a lefs 
degree  of  fenfibility  than  it  is  at  prefent  poffeffed 
of,  it  is  evident  that  we  fhould  have  loft  much  of 
the  delightful  effects  of  harmony ; had  it  been 
endued  with  greater,  we  fhould  have  had  no  per- 
ception either  of  melody  or  harmony  j fo  that  the 
human  ear  has  the  proper  conftrudion  that  contri- 
butes moll  to  the  pleafures  of  hearing. 

I have  now  finifhed  one  of  the  firft  fubjects 
that  I meant  to  explain,  and  have  laid  before  you 
an  account  of  the  principal  properties  of  our  cir- 
cumambient atmofphere.  Many  things  yet  remain 
to  be  explained  ; one  or  two  of  thefe  I fliall  flightly 
mention  ; others  cannot  be  difeuffed  till  I treat  on 
fire  and  elaftic  fluids. 

The  atmofphere  that  furrounds  our  earth,- 
contains  a mixture  of  all  the  adive  and  volatile 
parts  of  the  habitable  world ; that  is,  of  all  vege- 
tables, minerals,  and  animals : whatever  perfpires, 
corrupts,  or  exhales,  impregnates  the  air.  By 
it’s  perpetual  ofcillation  air  continually  operates  on 
all  things  that  have  life,  whether  animal  or  vege- 
table, keeping  their  fibres  and  velfels  in  continual 
addon,  according  as  it’s  preffure  and  elafticity  are 
varied  by  heat  or  cold,  moifture  or  drynefs.  By 
It’s  preffure  the  parts  of  our  bodies  are  kept  com- 
padly  together,  and  the  fluids  prevented  from 
burftinof  their  velfels  : in  the  fame  manner  with 
vegetables,  without  this  preffure,  the  internal  air 
would  efcape,  and  deprive  the  juices  of  the  agent 
that  helps  to  drive  them  forward.  So  far  from 
being  injurious  to  us,  this  preffure  is  our  greateft 
comforter  and  affiftant  : when  the  air  is  heavieft 
our  fpirits  are  found  to  be  the  lighteft ; when  the 
mercury  is  at  it’s  greateft  height  we  are  invigo- 
rated and  enlivened,  and  are  more  alert  than  when 
the  mercury  is  low  and  the  atmofphere  light. 
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It  is  the  particles  of  air  and  other  corpufctcs 
floating  in  the  atmofphere,  which  form  that  noble 
and  lovely  blue  canopy  fo  magnificently  arched 
over  our  heads  : it  is  thefe  which  reflect  thofe  in- 
numerable rays  of  light,  which  occafion  the  foft 
approaches  to  day  and  night,  the  morning  dawn 
and  evening  twilight : it  is  thefe  particles  that 
form  that  enfeebled  appearance  which  gives  you  the 
idea  of  vifible  difiance  ; the  obje&s  that  are  near, 
glowing  in  lively  colours,  while  thofe  at  a difiance 
are  circumfufed  in  a blue  mifi,  too  faint  to  be 
called  a cloud  ; but  receding  {till  further  from  you, 
they  wholly  difappear,  and  link  in  the  circumfluent 
ocean  of  air : it  is  here  that  the  clouds,  pendent 
lakes  of  water,  are  fuftained,  and  float.  The 
yielding  atoms  glide  from  you  in  the  paffive 
air  w hile  it  is  fiill ; yet,  if  the  ftorm  blows,  and 
the  air  in  full  tide  rufhes  one  way,  it  bears  down 
houfes  and  large  forefts  ; it  fweeps  the  vaft  feas  into 
mountains.  However  infenfible  the  oppolition  of 
every  fingle  particle  may  be,  and  however  irrefifti- 
ble  the  motion  and  force  of  a cannon  ball  that  lays 
in  dull:  the  firmed  cafiles  and  fortreffes,  vet  is  it’s 
force  in  a few  moments  overcome  and  deadened 
by  the  numberlefs  and  fuccefiive  oppolition  of  the 
particles  of  the  yielding  air. 

In  the  courfe  of  your  philofophical  purfuits, 
many  arguments  will  occur,  both  from  nature  and 
experiment,  which  feem  to  prove  that  the  clement 
which  furrounds  us  is  not  merely  a mixture  of  air 
and  fire,  but  one  thing  in  kind,  confiding  of  parts 
differing  in  degrees  of  fubtlety,  from  the  groffeft 
to  the  moft  refined  air;  with  a gradation  fo  infen- 
fible, that  wre  (hall  never  be  able  to  fay  where  air 
ends  and  fire  begins ; as  the  light  of  the  rainbow 
grows  fo  dilute  by  degrees,  that  no  line  can  be 
drawn  between  it’s  edge  and  the  uncoloured  fky. 
Yet,  from  the  groffeft  air  to  the  moft  intenfe  fire, 
Vol.  I.  O the 
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the  prdgreffion  is  fo  remote,  that  philofophers  have 
connected  air  and  fire  by  the  mediation  of  what 
they  call  a Jubtil  mattery  partaking  of  the  nature 
of  both. 

Experiment  and  reafon  feem  further  to  prove 
that  ligh  r is  the  mediating  fubftance  between  fire 
and  air;  it’s  two  extremes  are  red  and  blue;  one 
the  colour  of  fire,  the  other  of  the  air.  The  red 
rays  are  either  fire,  or  would  be  fuch  under  certain 
eircumflances : while  the  fhades  of  blue  vanifh 
into  air,  or  would  be  fo  if  we  could  purfue  them, 
far  enough ; but  when  they  ccafe  to  be  coloured, 
they  ceafe  to  be  vifible.* 

That  air  and  fire  are  different  conditions  of 
the  fame  elementary  matter  of  the  heavens,  is  fo* 
far  from  being  a new  opinion,  that  it  is  a dodtrinc 
of  great  antiquity.  If  air  refolves  itfelf  into  fire , 
and  fire  by  it’s  turn  reverts  to  air,  it  feems  nothing 
more  than  what  is  commonly  obferved  in  water, 
which  affiimes  the  folidity  of  ice,  and  coalefccs  into 
the  fleecy  form  of  fnow,  or  becomes  rare  and  im- 
palpable in  vapour : under  all  thefe  conditions,  it 
is  nothing  but  the  one  Ample  fubftance  of  water, 
to  which  it  returns  fooner  or  later.  When  you  affirm* 
that  a fnow-ball  and  the  water  in  a cauldron  are  of 
the  fame  fubftance,  who  can  deny  k?  A child 
who  fhould  feel  both,  would  not  readily  under- 
ffand  how  this  could  be ; and  yet  are  we  not  all 
children  in  philofophy  ? Various  fimilar  inftances. 
may  be  pointed  out,  all  tending  to  illuftrate  thefe 
notions. 

But  if  the  conftitution.  of  the  air  be  agreeable 
to  this  analogy,  we  muff  confider  the  matter  of  the 
heavens  as  one  vaff  fluid,  whofe  parts  differ  in 
magnitude;  fo  that  lome  will  be  flopped  by  the 
Surfaces,  of  bodies,  while  others  more  fubtil  pafa 

freely 
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freely  through  their  pores  :•  thus  fome  will  be 
acting  within,  others  without  bodies ; fome  will 
heat,  others  will  cool  them ; fome  will  comprefs, 
others  will  divide  ; and  thus  carry  on  the  two 
great  and  univerfal  cffedls  of  confolidation  and  dif- 
folution,  generation  and  corruption.* 

Already  I have  obferved  to  you  how  much 
thefe  Itudies  tend  to  cherifh  and  invigorate  a tafte 
for  true  beauty  and  lovelinefs,  a defire  to  dwell  on 
truth , equity  > and  goodne/s : by  contemplating  thefe 
objects,  you  will  be  infpired  with  an  admiration 
and  love  of  them  ,*  admiration  and  love  beget 
imitation  firfl,  and  then  limilitude.  I have  alfo 
obferved  to  you.  that  every  effed;  in  the  creation  of 
the  world,  or  the  government  of  it,  Ihews  the  con- 
fummate  wifdom  of  it’s  Creator  and  Governor. 
This  wifdom,  indeed,  is  feldom  feen  but  by  thofe 
who  philofopnize,  and  are  curious  to  fearch  and 
pry  into  the  wondrous  frame  of  every  piece  of 
Divine  workmanjlup ; and  into  the  fecret  fprings , 
and  every  complicated  movement  of  the  Divine 
adminijiration. 

The  wifdom  fhewn  in  any  work , operation , or 
energy , whatever  it  may  be,  is  divifible  into  twTo 
kinds  : one  refpedting  the  end  or  dejign , the  other 
refpeding  the  means  by  which  the  end  or  defign 
is  accomplifhed.  Every  end  is  wife  in  which 
fome  confiderablegood  is  intended  to  be  produced ; 
and  that  is  the  wileft  end  in  wThich  the  moft  and 
greateft  good  is  intended : all  means  are  wife 
which  have  a tendency  to  produce  their  end;  and 
thofe  are  the  wifeft  means  which  are  the  Jhorteft 
and  fimplcft , and  at  the  fame  time  the  moft  effica- 
cious and  certain. 

Nowr,  in  that  feupendous  work,  the  fabric  of 
the  great  world,  or  the  external  univerfe  of  things, 

you 

* Jones’s  Phyliological  Difquifitions. 
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you  will  find  every  requifite  to  prove  that  wifdom 
the  molt  perfect  was  the  Creator  of  it : for  if  the 
world  in  which  we  live,  this  terraqueous  globe, 

* with  it’s  furrounding  atmofphere,  and  as  much  as 
we  can  fee  above  it,  be  taken  for  a fpecimen  of 
the  whole,  it  will  appear  to  you,  on  an  accurate 
furvey,  that  the  end  intended  to  be  produced  by 
the  creation , was  the  moji  good  poflible  ; good  to 
every  being  fo  formed  as  to  be  capable  of  enjoy- 
ment ; and  to  the  noblelt  of  thefe  created  beings 
as  much  and  as  great  good  as  it  is  polhble  for  crea- 
tures to  enjoy  : the  proof  of  this  has  already 
commenced,  and  will  be  continued  through  the 
courfe  of  this  work.  It  is  beyond  human  power 

; to  conceive  a better  contrivance  for  good  than  the 

Lair  that  furroun'ds  our  earth  : it  is  this  that  makes 

* way  for  the  tranfmilfion  of  light,  wdthout  which 
the  faculty  of  feeing  in  all  animals,  wTould  have 
been  jufelefs.  It  is  this  that  provides  for  the  eafe 
and  freedom  of  motion  upon  earth,  without  which 
life  itfelf  had  been  bellowed  to  little  purpofe.  It 
is  this  whiefi  communicates  found,  without  which 
we  could  not  have  conveyed  our  thoughts  to  one 
another  by  the  help  of  fpeech  ; not  to  fpeak  of 
the  pleafurc  which  refults  from  the  harmony  of 
different  founds.  It  is  this  that  gives  rife  to  the 
wind,  which  mixes  and  tempers  the  exhalations  in- 
terfperfed  in  the  atmofphere,  corrects  the  heat  in 
the  hotter  climates,  and  carries  the  clouds  from 
place  to  place,  to  diftil  the  needful  rain;  which, 
defeending  in  prolific  fhowxrs  and  dews,  makes 
the  finding  earth  teem  with  plenty  and  beauty. 

It  is  this  that  is  the  breath  of  life  in  all  fub- 
lunary  creatures  : it  is  owing  to  this  that  fo  many 
clafTes  of  creatures  arc  able  to  wdng  their  way 
through  the  aerial  regions.  The  more  you  reflect 
upon  every  circumflance,  the  more  you  will  be 
convinced,  that  our  benevolent  Lord  and  God  could 

not 
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Hot  have  better  adapted  this  part  of  inanimate  na- 
ture for  the  diffufion  of  good. 

Air  is  a general  agent,  not  only  exerting  it’s 
own,  but  calling  forth  the  qualities  or  powers  of 
all  bodies : nothing  ferments,  vegetates,  or  putre- 
fies without  air,  which  operates  with  all  the  vir- 
tues of  the  bodies  included  in  it ; that  is,  of  all 
nature ; there  being  no  drug  falutary  or  poifonous 
vhofe  virtues  are  not  breathed  into  the  air. 

I fhould  here  like  to  give  you  the  opinions  of 
the  antients  on  the  fubjedt  of  air:  the  difcullion 
would  be  interefting  and  inftrudtive  ,*  but,  as  it 
would  lead  us  too  far,  I mult  confine  myfelf  to 
thofe  of  Hippocrates  ; a man  almoft  deified  for 
his  knowledge  by  thofe  of  his  own  time.  He  had 
enriched  his  mind  from  the  experience  of  earlier 
times,  and  a diligent  ftudy  of  nature  : a The  ele- 
ment of  air  has,”  fays  he,  <f  dominion  over  the 
human  body,  and  is  the  principal  fource  of  all 
things  that  happen  to  it,  whether  good  or  bad. 
It’s  power  and  influence  deferve  well  to  be  exa- 
mined; for  wind  is  no  other  than  a current  of  air 
rolling  along  in  impetuous  waves,  which  are  fo 
violent  as  to  tear  up  trees  by  the  roots,  raife  the 
waters  of  the  ocean  into  a ftorm,  and  overwhelm 
and  fink  the  largeft  veflels  to  the  bottom  of  the 
deep.  Such,  and  fo  great  is  the  power  it  excrcifcs, 
though  at  the  fame  time  it  is  not  an  objedt  of  our 
fenfes,  but  manifeft  only  to  our  reafon.  What 
are  the  eftedls  to  which  air  is  not  neceffary  ? or  in 
what  place  is  it  not  prefent?  All  the  fpace  between 
the  heaven  and  earth  is  filled  with  it.  It  is  the 
caufe  both  of  winter  and  fummer  : in  the  winter 
it  is  condenfed  and  cold;  in  the  fummer  it  is 
mild  and  ferene.  The  fun,  moon,  and  ftars  are 
diredted  by  it  in  their  courfes ; for  air  is  the  alU 
lwent  of  fire,  and  fire  that  is  deprived  of  it  be- 
comes extindt;  fo  that  the  fun  itfelf  has  a per- 
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petual  motion,  by  means  of  a pure  and  perennial 
air.  The  fea  itfelf  is  impregnated  with  this  ele- 
ment, becaufe  the  inhabitants  of  the  water  cannot 
fubfift  without  it : in  a wrord,  it  fuflains  the  moon 
in  it’s  orbit,  ferves  as  a vehicle  to  the  earth,  and 
no  place  is  void  thereof.” 

Plato,  the  greateft  and  moll  amiable  of  the 
Greek  philofophers,  accounts  for  the  animal  func- 
tions from  an  intertexture  of  air  and  fire  acting 
throughout  the  whole  frame  of  the  body.  To 
fire  he  aferibes  the  office  of  expanding  within,  and 
acting  through  the  body  outwards  ; w hile  the  ele- 
ment of  air  compreffes  from  without,  and  coun- 
teracts the  force  of  the  internal  fire. 
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LECTURE  VI. 


AS  it  is  one  end  of  thefe  Lectures  to  open 
and  improve  your  underftanding — to  invi- 
gorate and  expand  the  faculties  of  your  mind  • 
■to  exhibit  a clear  view  of  the  beauties  of  creation 
the  properties  ol  matter — the  laws  of  motion 
the  powers  and  immortality  of  man — the  ultimate 
intention  of  God  in  the  production  and  prefer- 
vationof  the  univerfe;  it  will  be  proper  to  lay 
before  you,  from  time  to  time,  the  nicer  diferimi- 
nations  of  truth  and  falfehcod,  which  cannot  be 
better  effected  than  by  collating  the  fentiments  of 
the  wife  ft  and  molt  experienced  among  mankind, 
and  laying  them  before  you. 

Though  Truth  docs  not  appear  in  the  other 
departments  of  learning  with  that  bold  and  irre- 
ftftible  CGnviCiion  with  which  it  prefidcs  in  ma- 
thematical fcience,  it  lhines  through  them  all,  if 
not  interrupted  by  prejudice,  or  perverted  by 
error,  with  a clear  and  ufeful,  though  inferior 
ftrength : and  as  it  is  not  neceffary  for  his  general 
fafety  or  convenience  that  the  traveller  fhould 
always  enjoy  the  heat  and  fplcndor  of  a mid-day 
fun,  whilft  he  can  purfue  his  journey  with  more 
pleafure  and  accommodation  under  the  weaker  in- 
fluence of  the  morning  or  evening  ray,  fo  it  is  not 
reejuilite  for  the  various  concerns  and  purpofes  of 
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life,  that  men  fhould  be  led  by  truth  of  the  mofl: 
redundant  brightnefs.* 

On  the  contrary,  it  is  in  every  view  more  ufe- 
ful  and  expedient  for  us,  fituated  and  circum- 
flanced  as  we  are,  that  Providence  has  left  us 
in  the  confines  of  much  darknefs,  to  ad:  and 
move  under  the  fhades  of  w eak,  but  fufficient  evi- 
dence : fuch  is  the  evidence  we  are  obliged  to  re- 
fort  to  in  natural  philofophy. 

To  know  the  inherent  powders  and  properties, 
qualities,  attributes,  motions,  operations,  caufes, 
and  effedis  of  thofe  bodies  with  which  wTe  are  by 
nature  every  where  furrounded ; which  are  perpe- 
tually folic iting  the  external  fenfes,  and  w ith  whofe 
ufes  we  are  immediately  concerned ; conflitute  the 
various  and  extenlive  field  of  Physics  or  Natu- 
ral Philosophy. 

Of  Physical  Principles. 

The  evidence  of  the  external  fenfes  is  obvi- 
oufly  the  primary  principle  from  which  all  phyfi- 
cal  knowledge  is  derived. 

But  whereas  nature  begins  with  caufes,  which 
after  a variety  of  changes  produce  effects,  the 
fenfes  open  upon  the  effects,  and  from  them, 
through  the  flow  and  painful  road  of  experiment 
and  obfervation,  afeend  to  caufes. 

Man  appears  upon  the  llage  of  this  material 
fyflem  as  upon  a vilionary  theatre,  in  which  he 
looks  only  upon  the  exterior  of  things,  as  the  eve 
upon  a Mower  that  is  full  blown ; or  upon  an  infedt 
in  all  the  pride  and  beauty  of  it’s  colours,  without 
obferving  immediately  the  different  ft  ages  through 
which  they  have  palled,  the  different  forms  they 
have  affumed,  the  different  changes  they  have  un- 
dergone ; 

* T.*tham’s  Scale  and  Chart  of  Truth,  vol.  1.  p.  124,  &c.  a 
work  which  I molt  carneltly  recommend  to  the  perufal  of  all, 
philolophers. 
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dero-one;  and  without  defcending  to  th z feeds  and 
principles  from  which  they  fpring,  and  which, 
upon  examination,  will  be  found  totally  different 
both  in  form  and  colour.  In  like  manner  are  the 
JenfeSy  the  ultimate  criteria  of  all  phyfical  know- 
ledge, liable  to  be  impofed  upon  and  deceived  in 
regard  to  the  qualities  and  caules,  the  powers  and 
operations  of  physical  bodies. 

The  fenfes  are  therefore  to  be  affifted  by  obfer~ 
nations  taken  with  diligence  and  circumfpedtion ; 
and  to  be  undeceived  by  different  analyjes>  which 
dived  nature  of  her  external  and  compounded 
form,  and  lay  open  her  internal  mechanifm  and 
con  ft  ruction  : their  errors  and  mifconceptions  are 
to  be  rectified  by  the  ufe  of  experiments  of  dif- 
ferent kinds,  which  penetrate  her  inmoft  recedes, 
and  defeend  to  her  remoteff  caufes.  By  the  ap- 
plication of  fuch  alTiftance  they  are  enabled,  but 
not  without  difficulty,  to  leave  behind  the  fallacious , 
to  pafs  from  one  appearance  to  another , and,  as  far 
as  human  fearch  can  go,  to  judge  of  the  realities  of 
things. 

The  information  which  the  fenfes  give  us,  as 
Lord  Bacon , the  great  friend  and  father  of  philo- 
fophers,  has  obferved,  is  to  be  examined  and  cor- 
rected by  various  methods ; for  though  they  de- 
ceive us  on  all  occafions,  they  themfelves  difeover 
the  errors  into  which  they  lead : but,  whereas  the 
errors  lie  immediately  before  us,  the  indications  of 
them  are  to  be  fought  at  a great  diffance. 

The  fenfes  are  fubject  to  a two-fold  dcfefl ; 
they  either  deferty  or  elfe  deceive  us.  Many  fub- 
jeCts  elude  their  cognizance,  however  well  they 
may  be  difpofed  and  free  from  impediment ; either 
from  the  tenacity  of  the  whole  objeft,  or  the  ex- 
treme minutenefs  of  it’s  parts ; from  the  diffance 
of  it’s  lituation,  the  flownefs  or  velocity  of  it’s 
motion,  it’s  familiarity  to  the  eye,  and  from  many 

other 
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other  c aules.  And  again,  where  they  fully  ap-^ 
prehend  their  objeCt,  they  are  not  to  be  fecurely 
relied  upon;  for  the  teflimony  and  information  of 
the  fenfes  depend  on  the  analogy  and  conftitution 
of  man,  and  not  on  thofe  of  the  univerfe ; fo  that 
to  fay  that  fenfe  is  the  adequate  meafure  or  competent 
judge  of  things , is  an  alTertion  founded  in  miftake. 

To  obviate  the  imperfections  of  fenfc,  philo- 
fophers  are  under  the  necellity,  by  much  labour 
and  attention,  of  calling  in  aid  from  every  quar- 
ter, in  order  to  fupply  the  deficiencies,  where  the 
fenfes  fail  us ; and  alfo  to  regulate  and  reCtify 
them  where  they  vary  in  themfelves.  This  is  ef- 
fected not  fo  much  by  the  ufe  of  inftruments  as 
by  the  help  of  experiments ; for  experiments  arc 
more  penetrating  and  fubtil  than  the  fenfes,  even 
when  aflifted  by  inflruments  of  the  molt  exquifite 
contrivance.  I mean,”  fays  Lord  Bacon,  for  he 
is  llill  fpeaking  to  you,  “ fuch  experiments  as  are 
ingenioudy  invented,  arid  applied  with  fkill  and 
addrefs,  to  the  elucidation  of  every  thing  which 
is  the  fubject  of  inquiry. 

Philofophers  do  not  therefore  rely  upon  the 
perception  of  the  fenfes,  immediately  applied  as 
in  their  proper  and  common  exercife,  but  bring 
the  matter  of  judging  to  this  ilfue  : That  the 
fenfes  judge  of  experiments,  and  experiments  of 
things : thus  experiments  are  in  fact  as  the  reli- 
gious guardians  of  the  fenfes,  from  which  every 
thing  in  found  philofophy  is  originally  derived, 
and  the  fkilful  interpreter  of  their  oracles ; fo 
that  whilft  others  only  pretend,  true  philofophers 
in  reality  cultivate  and  fupport  the  evidence  of 
sense. 

It  may,  therefore,  be  laid  down  as  a maxim, 
r<  That  no  phyjical  effedl  is  really  explained  or  un- 
dcrllood,  unlels  it  be  deduced  from  a phylical 
caufc;  the  exiftence  and  operation  of  which  can 

be 
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be  experimentally  dcmonftrated.”  Men  have  no 
right  to  afliime  the  charader  of  lawgivers  to  the 
works  of  God,  but  mult  be  content  to  borrow 
from  them  all  the  laws  of  philofophy . 

I fhall  hereafter  endeavour  to  explain  to  you 
the  nature  of  phyfical  reafoning , and  fhew  you  how 
the  philofopher  is  conducted  by  a flow,  but  fteady 
pace,  in  the  rational  inveftigation  of  the  general 
caufes  of  phyfical  truth : my  prefent  buflnefs  will 
be  to  treat  of  the  wonderful  element  of  Fire,*  an 
agent  concerned  in  almoft  every  operation  in  life, 
and  every  phenomenon  in  nature  ; and  you  may 
boldly  aflert,  that  that  fyftem  of  natural  philofo- 
phy which  does  not  confider  the  agency  of  fire 
in  it’s  explanation  of  phenomena,  is  not  founded 
on  truth. 

Of  Fire. 

i 

Fire  is  an  agent  of  fuch  importance  toward 
the  government  of  the  natural  w orld,  and  of  fuch 
ufe  in  all  the  concerns  of  life,  that  it  has  always 
attraded  the  notice  of  mankind,  and  driven  them 
into  various  fpeculations.  W e find,  accordingly, 
that  the  ancient  heathens  not  only  admitted  it  into 
their  philofophy,  filling  the  univerfe  with  it’s  fub- 
ftance,  and  deducing  therefrom  all  the  greatefl: 
efteds  in  nature  ; but  they  were  fo  flruck  with  it’-s 
power  and  ufe  in  the  w’orid,  that  they  paid  to  fire 
divine  honours. 

Nctwithftanding  it’s' celebrity  among  the  an- 
cients, and  the  univerfality  of  it’s  agency  in  na- 
ture, very  dilferent  opinions  have  been  held  by 
the  moderns  concerning  it  ; fome  contending  it 
it  was  incorporeal  ; others  difputing  whether 
fire  in  itfelf  is  truly  a being  like  water,  air,  and 
earth,  or  an  adventitious  and  acceflory  pro- 
perty refulting  from  the  inteftine  motion  of  the 

infenfiblc 
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infenfiblc  particles  of  matter  ; it  will  be  necef- 
iary,  therefore,  to  prove  to  you  the  materiality  and 
reality  of  fire  as  a diftinct  being. 

The  far  greater  part  of  thofe  who  have  con- 
fkiered  the  fubjed,  believe  fire  to  be  a fubtil,  ac- 
tive, and  elaftic  fluid,  univerfally  dilfeminated 
through  the  univerfe,  penetrating  all  bodies  with 
more  or  lefs  facility ; having  a conftant  tendency 
to  diffufe  itfelf  uniformly,  fo  as  to  maintain  an 
equilibrium  ; dilating  the  feveral  fubflances  it  pe- 
netrates, and  making  them  affume  theflate  of  flui- 
dity, and  afterwards  that  of  vapour.  Whenever 
you  perceive  a number  of  qualities  always  ex  [fling 
together , you  are  warranted  to  conclude  that  there  is 
feme  fubjlance  which  produces  thofe  qualities . 

Fire  a real  and  material  Substance. 

Fire  can  drive  out  other  matter  from  any 
given  fpace;  and  certainly  that  which  can  expel 
other  bodies,  and  take  the  place  of  them,  muft 
itfelf  be  body.  If  the  ball  of  a thermometrical 
tube  be  filled  \\  ith  air,  fpirits,  or  mercury,  fire 
applied  underneath  will  expel  them  all  in  their 
turns,  which  it  cannot  do  but  in  virtue  of  it’s 
own  proper  extenfion ; and  it  it  be  extended,  it  is 
a bodily  fubftancc. 

Whatever  occupies  fpace,  and  refills  the 
touch,  we  have  a right  to  call  a material  fub- 
ftancc, whether  we  can  fee  it,  and  weigh  it,  or  not : 
thus  air,  which  is  invijible,  and  not  very  eafily  pon- 
derable, is  univerfally  allowed  to  be  a fubftancc,  and 
not  a quality. 

Light  is  an  emanation  of  fire;  the  decompo- 
fition  of  the  rays  of  light  proves  their  materiality  : 
v.  liar,  is  light  on  the  furface  of  a burning-glafs,  is 
lire  at  it’s  focus;  whatever,  therefore,  proves  the 
materiality  of  lio-ht  is  applicable  to  fire. 

A fluid. 
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A fluid,  fubject  to  the  like  laws  with  the 
clafiic  air,  mult  be  as  material  as  the  air  is.  Fire, 
in  common  with  air,  is  fubject  to  be  confined  by 
an  incumbent  prelilire,  and  releafcd  when  that 
prefili re  is  withdrawn.  Fire  would  make  water 
boil  much  fooner  if  it  wrere  not  relifted  by  the 
prefiu re  of  the  atmofphere  on  it’s  furface  ; and 
therefore  it  boils,  as  you  have  feen,  with  a very  lew 
degree  of  heat  in  the  vacuum  of  an  air-pump. 

Fire  evaporates  alfo  from  an  heated  liquor 
more  Jlozv!y>  when  counteracted  by  the  prefiure  of 
the  air  : thus,  if  two  equal  vefiels  of  w ater  equally 
heated  be  fet  to  cool,  one  under  the  exhaufted  re- 
ceiver of  an  air-pump,  the  other  in  the  open  air, 
the  water  under  the  receiver  will  cool  fooneft  : 
thus  proving  that  fire  is  confined  by  an  incumbent 
prefiure,  and  that  it  evaporates  with  greater  free- 
dom where  there  is  lefs  refifiance. 

Proofs  multiply  on  proofs  to  fhew  that  fire  is 
a material  fubfiance;  for,  like  any  actual  fubfian- 
tial  fluid,  it  may  be  transferred  with  different  cir- 
cumftances,  from  one  parcel  of  matter  to  another. 
If  you  add  any  quantity  of  hot  water  to  the  fame 
-quantity  of  quickfilver,  of  the  fame  temperature 
with  the  atmofphere,  the  water  will  communicate 
about  twice  as  much  heat  to  the  quickfilver,  as  the 
quickfilver  of  the  fame  heat  would  give  to  water 
as  cool  as  the  quickfilver  in  the  iirfi  infiance. 
This  fiiews  that  fire  is  not  the  production  of  mo- 
tion in  the  folid  parts  of  matter;  becaufe  in  that 
cafe  the  heavier  particles  of  quickfilver  would 
communicate  more  motion, to  the  parts  of  water, 
than  the  parts  of  water,  which  are  fo  much  lighter, 
and  have  confequently  lefs  momentum,  could  com- 
municate to  the  quickfilver;  whereas  the  effect 
of  the  heated  v'ater  on  mercury  is  twice  as  great 
as  the  e fie  ft  of  the  heated  quickfilver  on  the 
water.  This  necefiarily  implies  a transfufion  of 
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feme  matter  or  element  from  one  of  the  bodies  into 
the  other;  and  is  inexplicable,  upon  the  fuppo- 
fition  that  the  particles  are  expanded  by  an  innate 
lepuliion,  or  any  unfubftantial  quality;  for  how  can 
quality  be  poured  out  like  a liquor  from  one  veflel 
to  another  ? or  move  like  a river  with  different  de- 
grees of  force,  through  channels  of  different 
breadths,  as  is  plainly  here  the  cafe  with  fire  ?* 

Put  a piece  of  iron  or  copper  into  a glafis 
veflel  containing  aqua  fortis ; if  it  works  tolerably 
well,  place  the  phial  under  a receiver,  and  exhauff 
the  air ; it  will  then  work  with  more  violence ; 
fo  much  fo,  that  if  the  air  were  exhaufied  to  an 
high  degree,  it  might  polfibly  take  fire  and  ex- 
plode. While  it  is  boiling  with  vehemence,  drop 
it  into  a veflel  of  cold  water  (previoufly  placed  on 
the  plate  of  the  pump,)  which  will  very  foon  fo 
check  the  operation,  that  the  aqua  fortis  will  not 
work  with  the  fame  violence  fo  long  as  it  is  fur- 
rounded  by  the  water.  That  the  agent  in  this  cafe 
is  fire,  appears  very  plainly,  and  that  the  motion 
does  not  make  the  heaty  but  that  the  fire  and  heat 
occafion  the  motion ; becaufe  when  the  air,  the  na- 
tural antagoniff  of  fire,  is  removed,  the  fire  acts 
more  freely.  That  the  water  applied  externally 
fhould  check  the  fire,  is  very  natural,  if  it  be  con- 
fidered  as  a fluid  ; but  no  reafon  can  be  given  why 
it  fhould  check  the  operation,  upon  any  ether 
principle. 

Nothing  can  be  more  ftrange  than  to  imagine 
motion  can  impart  a property  which  it  has  not  in 
itfelf : what  kind  of  connection  is  there  between 
the  ideas  of  burning,  and  motion  of  any  fort  ? or 
how  can  motion  account  for  any  thing  but  motion  ? 
Imagine  all  kinds  if  you  pleafe  ; let  them  begin 
howr  you  will,  and  take  as  many  different  direc- 
tions 
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tions  in  all  their  different  particles — will  this  con- 
vey to  your  mind  the  idea  ol  heat,  light,  or  fiie? 
Had  you  never  felt  the  effe&s  of  fire,  though  you 
had  feen  the  inteftine  motions  of  all  the  particles 
of  the  globe,  do  you  conceive  thefe  motions  would 
have  given  you  the  idea  of  heat  or  light? 

Motion  may  difengage  fire  from  bodies,  or 
it  may  give  it  a particular  direction,  in  which  it 
may  have  a more  fenfible  effect ; but  motion  does 
not  create  fire.  Motion  may  render  things  icn— 
fible,  which  it  does  not  create  or  caufe ; and  it 
may  difpofe  them  to  ad  fo  as  they  would  not  have 
aded  while  at  reft.  We  do  not  perceive  the  ex- 
iftence  of  air  when  there  is  a perfect:  calm ; but 
when  the  air  is  put  in  motion,  we  perceive  it : the 
motion  does  in  this  cafe  all  that  the  motion  does 
in  the  other  ; it  does  not  create  what  we  perceive, 
though  it  renders  it  fenfible.  There  was  fire  in 
the  wood,  and  there  was  air  in  the  field,  though 
we  did  not  perceive  either  w hile  at  reft : the  rub- 
bing two  pieces  of  wood  does  not  create  fire,  any 
more  than  the  blowing  of  the  wind  creates  air : 
motion  only  renders  both  perceptible ; they  both 
exifted,  although  un feen  and  imperceptible  to  our 
fenfes. 

Among  the  inconceivable  and  incredible  myf- 
tcries  that  philofophy  propounds,  we  may  confider 
that  which  intimates  the  pofiibility  of  fire  being 
nothing  elfe  but  an  intenfe  vibratory  motion  of  the 
particles  of  an  heated  or  ignited  body.  In  the 
hotteft  bodies  we  cannot  be  made  fenfible  of  vi- 
bration exifting  among  their  particles,  while  cer- 
tain founds  .will  caufe  the  moll  folid  fubftances  to 
vibrate  perceptibly , without  producing  any  heat. 

That  fire  cannot  be  caufed  by  any  mechanical 
motion  we  can  imprefs,  is  evident ; becaufe  on 
mechanical  principles  the  effedt  mull  always  be 
proportionable  to  it’s  caufe  : in  the  cafe  of  fire 
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the  effedt  very  far  exceeds  the  caufc,  fuppofing  the 
latter  to  be  only  a mechanical  percuffion,  as  in  the 
cafe  of  hammering  iron  till  it  be  red-hot.  We 
allow  that  by  a few  Itrokes  of  an  hammer  the  iron 
will  be  put  into  motion,  and  heat  will  be  produced  ; 
but  if  you  diredt  this  motion  of  thefe  particles 
upon  another  body  whofe  parts  are  at  reft,  thefe 
will  reftft  the  communication  from  the  former,  in 
proportion  to  their  vis  inertia , and  the  cohelion 
of  their  parts.  No  reafoning  upon  mechanical 
principles  can  {hew  why  motion  ftiould  increafe 
and  multiply  itfelf  without  end,  as  we  fee  fire  do  : 
befides,  motion  and  vibration  are  effects,  for  matter 
will  not  begin  to  move  itfelf:  and  further,  thofe 
that  have  adopted  the  hypothelis  of  motion,  have 
never  proved  the  motion  for  which  they  contended: 
if  granted,  the  phenomena  could  not  be  explained 
- by  it.  If  heat  depended  on  motion,  it  would  im- 
mediately pafs  through  an  elaftic  body ; but  it 
pafles  through  them  flow,  like  a fluid:  if  it  de- 
pended on  vibration,  it  ought  to  be  communicated 
from  a given  vibration,  in  proportion  to  the  quan- 
tity of  matter;  but  this  is  contrary  to  fadts. — - 
When  we  fee  a fmall  fpark  gradually  fet  a large 
city  in  a blaze,  it  is  impoflible  to  fuppofe  that  there 
is  no  more  motion  in  all  the  parts  of  the  city  thus 
on  fire  together,  than  there  was  in  the  firft  little 
fpark  that  began  the  fire  ; or  that  there  is  no  more 
power  or  force  in  this  fire,  than  in  the  lcarce  dif- 
tinguifhable  fpark  by  which  it  began.  Further, 
the  laws  of  the  communication  of  fire  are  not  ana- 
logous to  the  laws  of  motion ; and  nothing  is  lefs 
known,  or  more  difficult  to  be  known,  than  the 
progreffion  and  communication  of  fire  in  fyftcms 
of  bodies  of  unequal  temperature. 

In  w hatever  way  you  examine  nature,  whether 
you  begin  w ith  it  as  it  ftands  to  the  reafon,  and  then 
divide  it  by  the  imagination  into  all  it’s  various 
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modifications;  or  whether  you  begin  with  the 
mofi  general  properties  as  they  appear  to  the  fenfes, 
and  then  compound  them  into  all  the  variety  of 
nature,  ftill  you  will  find  that  fire  has  the  fame 
pretenfions  to  reality  with  air,  earth,  and  water. 

How  came  it  then  that  motion  was  ever  af- 
figned  as  the  caufe  of  fire  ? It  fee-ms  to  have  arifen 
from  our  being  apt  to  confider  what  we  fee  imme- 
diately precede  any  thing,  as  the  caufe  thereof : 
hence,  perhaps.  Bacon,  Defcartes,  and  Newton, 
having  obferved  that  heat  followed  the  friebion  of 
two  dried  bodies  rubbed  together ; that  a cord 
caught  fire  by  being  rubbed  againfi  hard  fub- 
fiances ; and  that  a piece  of  iron  might  be  beaten 
red-hot ; were  inclined  to  imagine  that  this  motion 
was  the  caufe  which  generated  the  heat ; though 
a perfon  who  had  never  feen  thofe  experiments, 
but  who  had  obferved  that  motion  of  fome  kind  or 
other  had  been  always  produced  in  all  matter  upon 
the  application  of  fire,  would  certainly  have  con- 
cluded the  contrary — that  motion  was  caufed  by 
fire  : and  when  he  found  that  heat  is  very  often  by 
jio  means  the  refult  of  motion,  but  produces  cold, 
he  could  not  but  infer  the  reality  of  the  exiftence 
of  fire ; which  never  fails  to  produce  motion,  in 
oppofition  to  motion  being  the  caufe  of  lire,  which 
is  at  belt  but  a partial  caufe. 

That  fpecies  of  falfe  reafoning  which  pro- 
ceeds from  a few  particulars  to  a general  conclu- 
fion,  fteals  into  the  mind  fo  imperceptibly,  that 
men  can  hardly  be  too  much  on  their  guard  againfi 
it.  Confidered  in  it’s  own  nature,  nothing  can  be 
more  obvious  than  that  a propofition,  which  may 
be  true  in  a particular  infiance,  may  not  be  fo  in- 
variably ; and  that,  therefore,  two  fuch  propo- 
sitions fhould  never  be  confounded  together  as  if 
they  w ere  fynonymous  : had  this  been  fufficiently 
Vojl.  I.  P attended 
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attended  to,  motion  would  never  have  been  consi- 
dered as  the  origin  of  fire. 

The  difficulty  that  has  fo  long  attended  the 
acknowledging  the  reality  and.  elementary  exig- 
ence of  fire,  has  alfo  arifen  from  the  implicit  cre- 
dit we  are  apt  to  give  to  the  opinions  of  very  great 
men.  A man  of  fuperior  genius,  who  has  diftin- 
guifhed  himfelf  by  new  difcoveries,  more  exten- 
sive reafoning,  or  more  accurately  investigating 
truth,  naturally  gains  an  afcendancy  over  the 
minds  of  others,  which  fpreads  a fanclion  on 
his  miftakes  : it  becomes  a kind  of  facrilege  to 
examine  even  his  conjectures;  and  time  only, 
which  leflens  all  other  reverence,  mull:  wear  off 
that  which  we  have  conceived  for  him,  before 
mankind  can  acquiefce  in  his  being  fallible : no- 
thing has  been  fo  eminently  detrimental  to  the 
progrefs  of  fcicnce,  as  a blind  and  fervile  defer- 
ence to  the  authority  of  great  names. 

As  new  terms  have  within  thefe  few  years 
been  adopted  by  the  writers  who  have  treated  on 
fire,  it  will  be  necefiary,  before  we  proceed,  to  give 
you  fome  account  of  them.  By  the  word  fire  in 
thefe  LeCtures,  I mean  that  very  fubtil  fluid  which 
is  the  caufe  of  hcat>  and  by  which  bodies  are  ex- 
panded, fluids  raifed  into  vapour,  folid  bodies 
rendered  fluid,  Nc.  Modern  French  writers,  for 
the  fame  purpofe,  life  the  terms  igneous  fluids 
matter  of  heat , and  lately  calorie.  Some  Englilh 
writers  have  ufed  the  word  heat  in  the  fame  fenfe  ; 
thus  confounding  the  caufe  with  the  effcCt.  Heat, 
properly  fpeaking,  is  that  fenfation  which  the 
prefence  of  fire  occafions  in  an  animate  body  : the 
itate  of  an  inanimate  body,  when  it  contains 
fire,  is  alfo  diftinguifhed  by  this  word;  for  we  fay, 
the  heat  of  red-hot  iron.  We  ought  always  by 
the  word  heat  to  underhand  the  cjjecl  of  fire,  or 
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fir c acting  in  a certain  manner,  rather  than  the 
element  itfelf  which  may  exifl  in  fubftances  ac- 
tually cold  to  the  fenfes. 

Dr.  Irvine  and  Dr.  Crawford  ufe  the  term 
a bfolnte  heat  for  that  power  or  element  which,  when 
it  is  prefent  to  a certain  degree,  excites  in  all 
animals  the  fenfation  of  heat : in  this  fenfe  ahfolute 
heat , and  the  element  of  fire,  have  the  fame  figni- 
fication.  Fire , as  having  a relation  to  the  effects 

it  produces,  and  by  which  it  is  known  and  mea- 
sured., is  called  by  Dr.  Crawford  relative  heat . 

General  Ideas  of  Fire. 

The  great  Boerhaave  maintained  that  fire  was 
a fluid  univerfally  diffufed,  and  equally  prefent  in 
the  frozen  regions  as  in  a glafs-houfe  furnace;  only 
in  the  latter  it  is  put  in  action,  and  rendered  more 
evident  to  our  fenfes  ; if  brought  into  action  it’s 
exiftence  would  be  as  demonftrable  in  the  coldeft 
part  of  the  world  as  in  the  furnace  ; all  bodies 
contain  it:  it  is  in  the  earth  we  inhabit  and  the  food 
which  nourifhes  us ; we  ourfelves  are  filled  with 
it.  Although  it  is  capable  of  deftroying  and  con- 
fuming  all  things;  yet  as  it  is  incapable  of  com- 
bullion  without  another  fubftance,  it  is  fo  far  from 
being  prejudicial  to  us,  that  it  forms  an  effential 
part  of  our  animal  life  : it  conflitutes  a portion  of 
the  fluid  we  breathe,  the  only  part  which  contri- 
butes to  Support  animal  heat. 

The  far  greater  part  of  modern  philofophers 
coincide  in  this  refpcct  with  Boerhaave  : to  enu- 
merate their  names  would  be  to  f 11  pages ; fuffice 
it  therefore  to  name  a few : Jones,  Lavoifier, 
Black,  Crawford*  De  Luc,  Pidlet,  De  SaufTure. 
Hear  Mr.  Lavoifier  fpeak  for  himfelf:  ff  I confider 
our  earth,”  fays  he,  “ as  every  where  furrounded 
by  a very  fubtil  fluid,  which  penetrates  without 
exception  all  the  bodies  which  compofe  it.”  This 
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fluid  he  calls  caloric,  we  call  it  fire : it  tends  al- 
ways to  put  itfelf  in  equilibrium  in  all  bodies  ; 
but  it  does  not  penetrate  all  with  equal  facility. 
Lafily,  this  fluid  is  fometimes  in  a fiate  of  liberty, 
fometimes  in  a fixed  form,  and  combined  with 
bodies.  ♦ 

This  opinion  on  the  exifience  of  fire  is  far 
from  being  new ; it  is  that  of  the  greateft  number 
of  ancient  philofophers : ‘r  I {hall,  therefore,” 
fays  he,  “ difpenfe  with  relating  the  fadts  on 
which  it  is  founded ; but  if  I fhew  that  it  always 
accords  with  the  phenomena,  and  that  it  explains 
every  thing  that  happens  in  philofophical  and 
chemical  experiments,  it  will  be  almoft  giving 
demonflration  to  opinion.  Indeed  this  opinion 
feems  too  conformable  to  the  courfe  of  fadts,  and 
the  fimplicity  of  nature,  to  be  confidercd  only  as 
an  hypothelis.” 

Penetration  of  Fire. 

Fire  penetrates  all  bodies,  even  the  hardeft, 
being  equalled  therein  only  by  the  magnetic  fluid ; 
every  thing  around  and  about  you  confirms  this 
truth;  it  may  be  eafily  alfo  illuftrated  by  experi- 
ment : cover  this  thermometer  (which  I have  al- 
ready told  you  is  an  inftrument  to  meafure  the  de- 
grees of  heat)  with  glafs;  apply  any  heated- fub- 
ffance  to  the  outfide  of  the  glafs,  and  it  will  raife 
the  fluid  in  the  thermometer  : the  fame  will  take 
place  if  it  be  inclofed  by  a metallic  cafe,  or  a cafe 
of  any  materials  whatfoever  : this  could  not 
happen  unlefs  fire  penetrated  through  the  ma- 
terials. 

A thermometer  fufpended  in  an  exhaufled  re- 
ceiver will  {hew  the  fame  degree  as  one  in  the 
open  air  ; for  the  fire  which  is  diffufed  through 
ihe  atmofphere,  is  alfo  diffufed  through  what  we 
call  a vacuum.  Sir  Ifaac  Newton  had,  indeed, 
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long  ago  fliewn  that  heat  was  conveyed  by  a me- 
dium more  fubtil  than  common  air;  becaufe  two 
thermometers,  one  placed  in  the  vacuum  of  an 
air-pump,  and  the  other  in  the  open  air,  but  at 
an  equal  diftance  from  the  lire,  will  fhew  an  equal 
degree  of  heat  nearly  at  the  fame  time.  Had  he 
purfued  this  thought,  he  would  have,  no  doubt, 
concluded  that  fire  is  prefent  in  all  places,  and 
that  it  is  as  active  where  there  is  no  terrellrial 
matter  as  where  it  abounded. 

4 

Tendency  of  Fire  to  an  Equilibrium. 

One  of  the  moft  conliant  characters  of  fire  is 
a continual  tendency  to  equilibrium,  or  to  flovv 
from  a warmer  to  a colder  body ; to  ilTue  from 
thofe  parts  where  it  is  leaft  refilled,  till  the  refin- 
ance becomes  uniform  ; communicating  the  fuper- 
abundant  fire  to  all  furrounding  bodies,  till  they 
attain  the  fame  temperature.  In  this  point  of  view 
fire  feems  to  be  reftrained  only  by  itfelf.  To  ob- 
ferve  the  fludluation  of  lire  from  one  body  to  an- 
other, till  they  all  acquire  the  fame  temperature, 
place  in  a room  where  the  fun  does  not  fliine  a 
variety  of  fubflances  ; as  wood,  feathers,  iron,  &c, 
of  different  temperatures  : let  a thermometer  be 
applied  clofe  to  each  of  them,  and  the  fire  in  the 
hottcfl  will  diffufe  itfelf  among  thofe  that  arc 
heated  to  a lefs  degree  ; and  it’s  fluctuation  from 
one  to  another  will  be  evident  by  the  thermo- 
meter, till  they  all  acquire  the  temperature  of  the 
room  : this  is,  among  many  other  phenomena,  one 
that  cannot  be  conceived  without  admitting  fire 
to  be  a fluid,  palling  from  one  body  to  the  other 
till  it  is  equally  diffuled*. 
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Or  the  Distribution  of  Fire,  and  of  the  Sub- 
stances WHICH  CONDUCT  Heat. 

It  docs  not  appear  that  different  degrees  of 
fire  can  penetrate  all  bodies  with  equal  forces  in 
equal  times  ; or,  in  other  words,  the  power  of 
tranfmitting  heat  is  different  indifferent  bodies; 
feme  conducting  it  more  readily  than  others:  thus, 
if  you  hold  one  end  of  this  metallic  rod  in  your 
hand,  and  put  the  other  in  the  fire,  it  will  foon 
become  too  hot  to  hold,  though  it  is  three  feet 
long ; but  one  end  of  this  glafs  rod,  which  is  con- 
fiderably  fhorter,  may  be  held  without  any  incon- 
venience, while  the  other  end  is  red-hot  and  melt- 
ing. Again,  here  are  feveral  metallic  rods,  each  of 
which  is  covered  with  a thin  coat  of  wax:  I plunge 
the  ends  of  thefe  into,,  melted  lead,  and  you  per- 
ceive that  the  coat  of  wax  melts  fooner  on  fome 
than  on  others ; which  proves  that  fome  metals 
tranfmit  fire  more  readily  than  others  : in  more 
general  terms,  thofe  bodies , vchofe  temperatures  are 
J'ooneft  altered , are  /aid  to  be  the  beft  conductors  of 
jure. 

The  difference  in  the  fpaces  of  time  in  which 
fire  penetrates  different  bodies,  and  finally  ac- 
quiring the  fame  temperature,  may  depend  on  their 
peculiar  powers  or  faculty  of  retaining  fire  ; this 
faculty  is  been  called  their  capacity.  The  greater 
this  power  is  in  any  body,  the  greater  the  quantity 
of  fire  that  will  be  accumulated  therein  before  the 
equilibrium  refulting  from  that  accumulation  takes 
place  ; or,  in  other  words,  before  it  can  exert  the 
fame  expanlive  force  outwards  ; confequently  when 
this  equilibrium  is  attained,  though  there  may  be 
an  equal  expanlive  force  exerted,  and  therefore  an 
equal  degree  of  heat  indicated  by  the  thermome- 
ter, it  does  not  follow  that  there  is  an  equal  accu- 
mulation of  fire  in  the  feveral  bodies. 
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To  illuftrate  this  principle,  let  us  plunge  into 
a bafon  of  water  at  the  fame  inftant  a pound  of 
dried  fpungc,  a pound  of  blotting-paper,  and  a 
pound  of  fome  porous  wood  : at  the  expiration 
of  a certain  time  thefc  fubftanccs  will  be  equally 
wet,  and  will  have  imbibed  all  the  water  they  are 
capable  of  retaining.  1 he  blotting-paper,  as  be- 
ing the  moft  permeable  by  the  water,  will  be  the 
fir  it  penetrated  thereby ; it  will  not  penetrate  the 
fpungc  fo  foon  : iff,  Becaufe  it  is  not  fo  permeable 
by  water  as  the  blotting-paper:  2dly,  Becaufe  it 
has  a greater  capacity  of  imbibing  water,  and  will 
confequently  require  more  time  to  be  faturated 
than  the  paper:  laftly,  The  wood  will  require  a 
longer  time  to  be  fully  moiftened,  although  it  has 
lefs  capacity,  being  lefs  permeable  to  water  than 
the  other  two  fubftances. 

When  you  take  them  out  of  the  water,  they 
will  be  apparently  wetted  in  the  fame  degree,  as 
well  externally  as  internally  ; but  they  will  contain 
very  unequal  quantities  of  water.  1 he  circum- 
ftanccs  are  nearly  the  fame  with  refpedt  to  fub- 
ftances of  equal  maftfes,  and  different  natures 
plunged  in  an  atmofphere  of  fire. 

If  we  could  apply  an  hygrometer  to  thofe 
fubftances  the  moment  they  were  taken  out  of  the 
water,  it  would  indicate  nothing  more  than  that 
they  were  equally  humid ; but  w ould  leave  us  ig- 
norant of  the  quantities  of  water  they  contained. 
In  like  manner  the  thermometer  applied  to  dif- 
ferent fubftances  heated  to  the  fame  degree,  will 
only  ftiew  that  the  fire  has  an  equal  expanlive  force 
in  each  of  them,  but  would  give  11s  no  information 
as  to  the  abfolute  or  relative  quantities  of  fire 
which  produce  this  expanlion. 

You  will  find  heat  greatly  retarded  by  cork, 
and  ftill  more  by  feathers  and  w ool,  and  other  foft 
fpungy  fubftances ; perhaps,  becaufe  there  is  lefs 
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contact  of  parts.  Flannel,  and  feather-beds  are 
eonddered  as  warm,  but  they  have  no  heat ; for 
they  keep  bodies  (as  ice,  &c.)  cool  better  than 
other  fub (lances  : they  hinder  heat  from  evaporat- 
ing, as  their  interfaces  are  filled  with  air  ; being 
flow  either  in  tranfmitting  or  parting  with  (ire 
they  are  proper  for  preferving  and  retaining  the 
heat  of  our  bodies,  and  thus  keeping  us  warm. 
Snow  being  of  a foft  fpungy  texture,  keeps  the 
ground  warmer  than  the  freezing  point ; but  this 
is  warm,  compared  with  the  intenfe  cold  felt  in 
Jfeveral  climates,  frequently  320  below  frofl.  Now, 
the  freezing  point  is  as  much  warmer  than  this,  as 
the  weather  in  our  fummer  is  than  that  of  frofl: 
it  is  common  in  Siberia  to  fee  the  thermometer 
150°  below7  the  point  of  congelation. 

Fluids-  convey  fire  very  fad;  air  cools  bodies- 
verv  fad : this  may  depend  upon  the  expanfibility 
which  air  undergoes  from  fire,  which  occafions  x 
continual  change  of  it*s  particles : thus  if  you 
expofe  a hot  body  to  the  air  to  cool,  the  air  in 
contact  therewith  expands  and  becomes  lighter, 
and  is  confequentiy  driven  upwards;  and  thus 
there  is  a condant  acceffion  of  frefli  air  to  the 
body.  If  you  place  the  body  between  the  funfiiine 
and  the  wall,  you  will  fee  the  air  ridng  like  an  un- 
dulating vapour  upon  the  wall  : you  fee  it,  be- 
caufe  the  vapour  turns  thofe  rays  of  light  afide 
which  pafs  through  it;  and  confequentiy  the  wall 
is  lefs  illuminated  in  thofe  parts  than  the  red  ; 
and  you  therefore  perceive  the  fhadowr  for  the  fame 
reafon  that  you  fee  the  fhadow  of  fmoke.  This- 
caufes  objects,  when  viewed  through  the  rarified 
air  of  a heated  held,  to  feem  to  change  place,  and 
tremble  when  the  fun  fhines  upon  it. 

It  is  owing  to  this  evaporation  upwards  that 
iron  or  any  other  fubdance  will  heat  a body  held 
over  it  fooner  than  under  it;  but  if  a piece  of  iron 
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is  placed  under  a receiver,  the  bottom  is  hotteft, 
as  being  neareft  in  contact : hence  the  cold  ob- 
fervcd  at  Tea  upon  approaching  mountains  of  ice  ; 
the  cold  air  being  condenfed  falls  down  the  fides 
of  the  ice,  and  boats  along  the  furface  of  the  fea. 
When  a veffel  of  water  is  placed  over  a fire,  the 
lower  parts  of  the  water  are  expanded  and  ren- 
dered lighter  thereby,  and  of  courfe  are  driven  to 
the  top  by  the  weightier  and  colder  parts  which 
defeend  to  the  bottom,  and  thus  there  is  a conti- 
nual circulation  from  the  under  to  the  upper  part 
of  the  vefleL 

From  the  nature  of  fluids  deep  lakes  of  wa- 
ter feldom  freeze  in  winter.  I he  cold  air,  by 
rufhing  over  the  lurface,  will  render  the  top 
weightier,  which  will  link,  and  it’s  place  be  fup- 
plied  with  a warmer  portion  from  below,  which 
in  it’s  turn  will  alfo  be  cooled : and  the  air  has 
the  whole  heat  of  the  water  to  carry  away,  which 
is  often  not  done  during  a whole  winter.  Hence 
the  remarkable  temperature  upon  the  ocean, 
and  upon  iflands,  when  compared  with  continents 
in  the  fame  degree  of  latitude. 

From  Sir  Benjamin  Thompfon’s  experiments 
it  appears,  that  of  the  different  fubftances  ufed  in 
clothing,  hare’s-fur  and  eider-down  are  the  warm- 
eft:  after  thefe  come  beaver’s-fur,  raw  lilk,  fheep’s- 
wool,  cotton-wool ; and  laftly,  lint,  or  the  ferap- 
ings  of  fine  linen.  Fie  alfo  found  that  the  air 
which  occupies  the  interlfices  of  bodies,  made  ufe 
of  for  covering,  adts  a very  important  part  in  the 
operation  of  confining  heat,  which  is  ftill  further 
affifted  by  the  finenefs  and  equal  diftribution  pf  the 
fubftances  made  ufe  of  to  form  a covering  for  that 
purpofe. 

In  furs  the  air  interpofed  among  it’s  particles 
is.  fo  engaged  there  as  not  to  be  driven  away  by  the 
heat  communicated  thereto  by  the  ammal  body ; 
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not  being  eafily  difplaced , it  becomes  a barrier  to 
defend  the  animal  body  from  the  external  cold. 

Hence  it  appears  why  thofe  fkins  are  warmeft 
which  have  the  tine  ft,  longeft,  and  thickeft  furs ; 
and  how  the  furs  of  the  beaver,  otter,  and  other 
like  quadrupeds  which  live  much  in  water,  and  the 
feathers  of  water-fowls,  arc  capable  of  confining 
the  heat  of  thofe  animals  in  winter,  notwithftand- 
ing  the  coldnefs  and  conducting  power  of  the  "water 
in  which  they  fwim. 

Bears,  hares,  and  other  animals,  inhabitants 
of  cold  climates,  which  do  not  often  take  water, 
have  their  fur  much  thicker  upon  their  backs  than 
their  bellies.  As  the  heated  air  would  more  na- 
turally rife  upwards,  and  efcape  from  the  back. 
Providence  wifely  guarded  againft  this  evil  by  in- 
creaftng  the  obftructions  in  thofe  parts,  and  thereby 
confining  it  to  the  body  of  the  animal. 

The  fnows  which  cover  the  furface  of  the 
earth  in  winter  in  high  latitudes,  are  doubtlefs  de- 
figned  by  an  all-provident  Creator  as  a gar- 
ment to  defend  it  againft  the  piercing  winds  from 
the  polar  regions,  which  prevail  during  the  cold 
feafon. 

Thefe  winds,  notwithftanding  the  vaft  traefts 
of  continent  they  pafs  over,  retain  their  lharpnefs 
as  long  as  the  ground  they  go  over  is  covered  with 
fnow ; and  it  is  not  till  they  meet  with  the  ocean 
that  they  acquire  that  heat  which  the  fnow  pre- 
vents their  obtaining  from  the  earth,  to  take  off 
the  edge  of  their  coldnefs. 

There  is  no  property  of  fire  more  generally 
known,  or  better  underftood,  than  it’s  difpoiition 
to  pafs  from  one  body  to  another.  If,  as  1 have 
obferved  to  you,  a thoufand  different  inanimate 
bodies  be  brought  together  in  a place  where  there 
is  no  politive  caufe  of  heat,  the  heat  will  immedi- 
ately begin  to  flovy  from  the  hotter  to  the  colder 
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bodies,  till  all  become  of  one  temperature,  or  till 
there  is  what  fomc  philofophers  call  an  equilibrium 
of  heat. 

But  this  is  by  no  means  the  cafe  with  refpecl  to 
animated  matter ,•  for,  whatever  be  the  degree  of 
heat  peculiar  to  individual  animals,  they  preferve 
it  liable  and  unchanged  in  every  temperature,  pro- 
vided that  it  be  not  altogether  incompatible  with 
life  or  health.  Thus  we  find  that  the  human  body 
is  not  only  capable  of  fupporting,  in  certain  cir- 
cumftances, without  any  material  changes,  a degree 
of  heat  in  which  the  thermometer  riles  confidera- 
bly  above  the  degree  of  boiling  water;*  but  like- 
wife  that  it  maintains  it’s  ufual  temperature,  whilfl 
the  furrounding  medium  is  feveral  degrees  below 
the  point  of  congelation. 

It  is  therefore  evident  that  animals  neither 
receive  their  heat  from  the  bodies  around  them, 
nor  fuller,  from  the  influence  of  external  circum- 
llances,  any  material  alterations  in  that  heat  which 
is  peculiar  to  their  nature.  This  general  fad:  is 
further  elucidated  and  evinced  by  many  late,  accu- 
rate, and  well-authenticated  obfervations ; which 
{hew  that  the  degree  of  heat,  in  the  fame  genus  or 
fpecies  of  the  more  perfect  animals,  continues  very 
uniformly  the  fame,  whether  they  be  environed 
by  mountains  of  fnow  in  the  neighbourhood  of 
the  pole,  or  expofed  to  a vertical  fun  in  the  fultry 
regions  of  the  torrid  zone. 

The  (lability  and  uniformity  of  animal  heat, 
under  fuch  a difparity  of  external  circumftances, 
and  fo  vaft  a latitude  in  the  temperature  of  the 
ambient  air,  leave  no  room  to  doubt  that  the  living 
body  is  furnifhed  with  a peculiar  mechanifm,  or 
power  of  generating,  fupporting,  and  regulating 
it’s  own  temperature ; and  that  this  is  fo  adapted 
to  the  circumftances  of  it’s  ceconomy,  of  depen- 
dent 
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dent  upon  them,  that  whatever  he  the  heat  of  the 
atmofphere,  it  will  have  very  little  influence  either 
in  diminifhing  or  increafing  that  of  the  animal. 

Of  the  Dilatation  of  Bodies  by  Fire. 

Fire  never  ceafes  to  be  fluid,  unlefs  when  in  a 
ftate  of  combination  with  other  bodies  ; it  is  alfo 
a principal  caufe  of  the  fluid  ftate  of  other  bodies. 
Fire,  when  agitated  with  that  motion  which  is 
manifefted  by  heat,  always  acts  as  if  it  wanted  more 
room ; and  this  in  fuch  a wonderful  manner,  as  if 
every  particle  was  a radiant  point  or  center. 

The  particles  of  a folid  body,  when  heated  to 
a certain  degree,  recede  from  each  other : allow 
it  to  cool,  the  particles  will  approach,  each  in  the 
fame  proportion  in  which  they  receded ; and  the 
body  will  return  to  it’s  former  ftate  by  the  fame 
degrees  of  expanfion,  by  which  in  the  firfl:  inflance 
it  was  extended. 

This  expanfion  of  bodies  by  lire  may  be 
deemed  univerfal  ; there  feems  fcarce  any  excep- 
tion, but  in  thofe  bodies  whofe  parts  are  brought 
nearer  together,  becaufe  a fluid  contained  within 
them  is  driven  out. 

The  firfl:  change  that  happens  to  any  body 
when  expofed  to  the  adtion  of  fire,  is  the  rari- 
fa&ion  of  it’s  whole  mafs,  and  an  augmentation  of 
it’s  bulk. 

Before  I proceed,  it  will  be  neceflary  to  notice 
a diftindtion  of  fire  into  two  ftates,  liberated  and 
combinedy  to  be  more  fully  confidered  hereafter. 
Liberated  fire  is  that  we  are  now  concerned  with; 
for  by  this  ftate  is  meant ‘fire  in  adfcion,  producing 
the  fenfation  of  heat  in  animal  bodies,  and  dilating 
the  dimenfions  of  all  fubftances  ; hence  it  is  alfo 
often  called  manifefted , or  thermometric  jire. 

The  intenlity  of  heat  is  meafured  by  the  quan- 
tity of  free  fire,  or  fire  in  action;  lor  though  wre 
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cannot  determine  the  quantity,  we  can  eftimate 
it’s  action  on  bodies  by  the  degree  of  their  dila- 
tation. 

This  dilatation  is  the  mod:  general  indication 
of  the  prefence  of  fire.  To  appreciate  this  phi- 
lofophers  ufc  inflruments  called  thermometers ; in 
which  a fubfiance  is  always  employed,  whofe  vo- 
lume augments  as  proportionably  as  podible  to  the 
increafe  of  heat.  The  conftrudfion  of  thefe  in- 
liniments  will  be  the  fubjedt  of  future  difeuffion  ; 
it  is  fufficient  to  inform  you  at  prefent,  that  by  the 
rife  of  a fluid  in  a tube,  we  obtain  a meafure  fuf- 
ficiently  exacl,  of  the  increafe  or  diminution  of 
adtive  fire.  Leaving  thefe,  I proceed  to  confider 
the  expanfion  of  metals. 

Metallic  fubfiances,  with  whofe  hardnefs  and 
tenacity  you  are  well  acquainted,  are  expanded  and 
rarified  by  heat  in  all  their  dimen  lions  : let  us  lay 
this  rod  of  Lon,  which  is  fix  inches  long,  in  the 
fire  till  it  begins  to  grow  red,  and  you  will  then 
find  it  to  be  about  Toth  of  an  inch  longer  than 
it  was  before ; that  is,  about  1 20th  part  of  the 
whole.  That  the  metal  is  proportionably  ex- 
panded in  breadth,  you  will  fee  by  trying  to  pafs 
it  through  this  aperture,  which  it  fitted  exadtly 
when  cold,  but  w hich  w ill  not  admit  it  now  it  is 
heated.  This  is  one  of  the  reafons  why  clocks 
vary  w'hen  carried  into  a hotter  or  colder  climate ; 
for  the  times  of  the  vibrations  of  pendulums  are 
always  in  the  fub-duplicate  ratio  of  their  lengths; 
and  as  the  length  is  changed  by  heat  and  cold,  the 
times  of  vibration  will  be  alfo  changed  : the  quan- 
tity of  alteration,  when  confidered  in  a fingle  vi- 
bration, is  exceeding  final]  ; but  when  the  vibra- 
tions are  often  repeated,  will  be  very  fenfible.  An 
alteration  of  one  hundred  thoufandth  part  in  the 
time  of  a lingle  vibration,  w ill  make  a change 
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of  nearly  one  whole  vibration  in  twenty-four 
hours. 

Different  metals  lengthen  differently  with 
the  fame  degree  of  heat  : thofe  indruments,  there- 
fore, whole  parts  are  to  maintain  a condant  pro- 
portion, fliould  never  be  framed  of  different  me- 
tals. It  is  from  this  unequal  expanfion,  that  a 
harpdehord  is  deranged  by  a change  in  tempe- 
rature. 

To  difeover  the  minuted  changes  in  expan- 
fion, and  the  relative  proportions  thereof,  an  in- 
flrument  has  been  condructed  called  a pyrometer . 

Of  Pyrometers. 

Among  the  various  machines  that  have  been 
invented  for  this  purpofe,  that  contrived  by  Mr. 
Smeaton  appears  to  be  the  mod  perfect  : it’s  ac- 
curacy is  confirmed  by  obfervations  made  with 
other  inftruments  ; it  is  founded  on  the  following 
principles : 

1.  The  quantity  of  expanfion  being  in  pro- 
portion to  the  length  of  the  bar,  the  longer  the 
bar,  the  more  fendble  the  expanfion. 

2.  The  fcale  on  which  the  alterations  are 
meafured,  ought  to  be  fo  large,  as  that  the  fmalled 
alteration  may  be  vidble. 

3.  The  materials  of  which  the  meafuring 
parts  of  the  indrument  are  made,  diould  fuder 
no  expanfion  during  the  experiment,  or  the  degree 
of  expanfion  produced  in  them  lhould  be  known 
and  accounted  for;  becaufe  the  expanfion  ol  the 
indrument,  fuppoling  the  bar  to  be  meafured  docs 
not  expand,  will  produce  the  fame  appearance  as 
the  expanfion  of  the  bar,  fuppoling  the  indrument 
not  to  expand. 

4.  All  bodies  continuing  to  expand,  in  pro- 
portion as  the  heat  applied  to  them  is  increafed,  it 

is 


Nature  and  Properties  or  Fire.  22$ 

is  neceffary  to  afcertain  the  degree  of  heat  applied, 
in  order  to  determine  the  comparative  expanfion 
of  different  metals.  And, 

5.  The  meafuring  parts  of  the  inftrument  ought 
to  be  fo  large,  as  that  the  quantities  of  the  meafured 
expanfion  may  be  known  in  real  meafure. 

The  inftrument  (fig.  1 and  2,  pi.  5,)  is  fo  con- 
ftruded  as  to  receive  a bar  two  feet  four  inches  long, 
and  might  be  made  capable  of  receiving  bars  of  a 
much  greater  length  of  fome  kinds  of  materials, 
but  not  of  others,  on  account  of  their  flexibility; 
even  with  a degree  of  heat  not  exceeding  boiling 
water. 

The  meafures  are  determined  by  the  contad 
of  a piece  of  metal  with  the  point  of  a microme- 
ter-ferew.  The  obfervation  is  heft  judged  of  by  the 
hearingy  rather  than  that  of  the  fight  or  feeling: 
by  this  method  it  has  been  found  practicable  to  re- 
peat the  fame  meafurement  feveral  times,  without 
differing  from  itfelf  above  Toroooth  part  of  an 
inch.  The  degree  of  fenfibility  attained  by  this 
method  is  fuperior  to  any  thing  that  can  be  done 
by  fight  or  feeling. 

As  no  fubftance  has  hitherto  been  difeovered 
that  is  perfectly  free  from  expanfion  by  heat,  the 
bar  which  makes  the  bafts  of  the  inftrument  fuffers 
the  fame  degree  of  heat  as  the  bar  to  be  meafured  : 
confequently  the  meafures  taken  by  the  microme- 
ter are  the  differences  of  their  expanfion. 

The  expanfion  then  of  the  bafts  between  two 
given  degrees  of  heat  being  once  found,  the  abfo- 
lute  expanfion  of  any  other  body,  by  adding  or 
fubtrading  the  difference  to  or  from  the  expanfion 
of  the  bafts,  according  as  the  body  to  be  meafured 
expands  more  or  lefs  than  the  bafts,  will  be  de- 
termined. 

When  the  inftrument  is  made  ufe  of,  it  is  im- 
merged,  together  with  the  bar  to  be  meafured,  in  a 
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ciftern  of  water  ; which  water,  by  means  of  lamps 
underneath,  is  made  to  receive  an  intended  degree 
of  heat,  not  exceeding  that  of  boiling;  and  thereby 
communicates  the  fame  degree  of  heat  to  the  in- 
ftrument, to  the  bar,  and  to  a mercurial  thermo- 
meter immerged  therein,  for  the  purpofe  of  afeer- 
taining  the  degree. 

All  that  remained  was  to  find  the  abfolute 
expanlion  of  the  balls  between  any  two  given  de- 
grees of  heat,  not  greater  than  that  of  boiling 
water,  which  is  thus  effected. 

For  this  purpofe,  let  there  be  prepared  a bar 
of  ffrait-grained  white  deal  or  cedar;  which  it  is 
well  known  are  much  lefs  expanfible  by  heat  than, 
any  metal  hitherto  difeovered  : let  the  bar  be 
adapted  to  the  inftrument,  in  like  manner  as  the 
other  bars  intended  to  be  meafured ; but  that  the 
foftnefs  of  the  wood  may  not  hinder  the  juffnefs 
of  it’s  bearings,  let  it’s  ends  be  guarded  with  a bit 
of  brafs  let  into  the  wood  at  the  points  of  con- 
tact, to  prevent,  as  much  as  may  be,  the  moifture 
or  ffeam  of  the  water  from  affecting  the  wood  : 
let  it  firft  be  well  varnilhed ; and  then,  being 
wrapped  round  with  coarfe  flax  from  end  to  end, 
this  will  in  a great  meafure  imbibe  the  vapour  be- 
fore it  arrives  at  the  wood : let  the  ciffern  alfo  be 
fo  contrived,  that  the  inftrument  being  fupported 
at  a proper  height  therein,  the  bar  to  be  meafured 
may,  upon  occaiion,  be  above  the  cover,  while  the 
bafts  remains  in  the  water ; thus  will  the  cover 
alfo  be  a defence  againft  the  moifture.  Let  the 
water  in  the  ciftern  be  now  brought  to  it’s  lower 
degree'  of  heat,  (fuppofe  at  or  near  the  freezing 
point,)  the  bafts  having  continued  long  enough  in 
the  water  to  receive  the  fame  degree  ot  heat;  and 
the  wooden  bar  having  been  previoufly  kept  in  an 
adjacent  room,  not  fubjeeft  to  fudden  alterations  of 
temperature  by  fire,  or  other  caufes  : let  the  bar  be 

applied 
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applied  to  the  inftrument,  and  the  degrees  of  the 
micrometer  and  the  thermometer  read  off  and  fee 
down : let  the  wooden  bar  be  then  reftored  to  it’s 
former  place,  till  the  water  is  heated  to  the  greater 
degree  intended  (fuppofe  at  or  near  that  of  boiling 
water;)  the  lid  being  nowr  fliut  down,  and  the 
chinks  flopped  with  coarfe  flax,  to  prevent  the 
iffuing  of  the  fleam  as  much  as  poffible,  let  the 
wooden  bar  be  again  brought  forth,  applied  to  the 
inftrument,  and  the  degrees  of  the  micrometer  and 
thermometer  read  off  as  before:  the  difference  of 
degrees  of  the  micrometer  correfponding  to  the 
difference  of  degrees  of  the  thermometer,  w7ill  ex- 
prefs  the  expanlion  of  the  balls  between  thole  de- 
grees of  heat ; that  is,  upon  the  fuppofition  that 
the  wooden  bar  w as  of  the  fame  length  at  the  time 
of  taking  the  fecond  mealure,  as  at  the  firfl : in- 
deed, a meafure  can  hardly  be  taken  without  any 
lofs  of  time,  as  the  w hole  of  the  inftrument,  when 
the  hot  meafure  is  to  be  taken,  is  coniiderably 
hotter  than  the  wooden  bar  ; and,  in  cafe  of  boil- 
ing water,  the  fteam  being  very  repellent  and  ac- 
tive, the  bar  is  liable  to  be  fenlibly  affected  in  it’s 
length,  before  the  meafure  can  be  taken  both  by 
heat  and  moifture,  which  both  tend  to  expand  the 
bar ; but  as  the  quantity  is  fmall,  and  capable  of 
being  nearly  afeertained,  a w7ooden  bar  thus  ap- 
plied, will  anfwer  the  fame  end  as  if  it  was  unal- 
terable by  heat  or  moifture. 

In  order,  therefore,  to  know  the  quantity  of 
this  alteration,  let  the  time  elapfed  between  the 
ftrft  approach  of  the  bar  to  the  inftrument,  and 
the  taking  of  the  meafure,  be  obferved  by  a 
fecond-watch,  or  otherwife : after  another  equal 
interval  of  time,  let  a fecond  meafure  be  taken  ; 
and  after  a third  interval,  a third  and  a fourth  : 
the  three  differences  of  thefc  four  meafures,  will 
be  found  nearly  to  tally  with  three  terms  of  a geo- 
^ OL*  1*  Q metrical 
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nietrical  progrcffion,  from  which  the  preceding 
tcrm  may  be  known,  and  will  be  the  corredion; 
which,  if  applied  to  the  meafure  firft  taken,  re- 
duces it  to  what  it  would  have  been,  if  the 
wooden  bar  had  not  expanded  during  the 
thereof. 

From  a few  obfeVvations  of  this  kind,  care- 
fully repeated,  the  expanlion  of  the  bafis  .may  be 
fettled;  and  this  once  done,  the  making  experi- 
ments upon  other  bars  will  become  very  eafy  and 
compendious. 

The  bar  of  brafs  which  compofes  the  bafis  is 
an  inch  broad  by  half  an  inch  thick,  and  hands 
edge  wife  upwards  : one  end  is  continued  of  the 
fame  piece  at  right  angles,  to  the  height  of  three 
inches  and  an  half,  and  makes  a firm  fupport  for 
the  end  of  the  bar  to  be  experimented ; and  the 
other  end  ads  upon  the  middle  of  a lever  of  the 
iecond  kind,  whofe  fulcrum  is  in  the  bafis;  there- 
fore, the  motion  of  the  extremity  of  the  lever  is 
double  the  difference  between  the  expanfion  of  the 
bar  and  the  bafis.  This  upper  part  of  the  lever 
rifes  above  the  lid  of  the  ciftern,  fo  that  it  and  the 
micrometer-fcrew  are  at  all  times  clear  of  the 
water:  the  top  of  the  lever  is  furnifhed  with  an 
appendage  called  th t feeler  ; it  is  the  extremity  of 
this  piece  which  comes  in  contad  with  the  micro- 
meter-fcrew. The  conftrudion  and  application 
hereof  will  better  appear  from  the  draught  than 
from  many  words  ; it  hence  appears  that,  having 
the  length  of  the  lever  from  it’s  fulcrum  to  the 
point  of  fufpenfion  of  the  feeler,  the  diftance  be- 
tween the  fulcrum  and  the  point  of  contad  with 
the  bar,  the  inches  and  parts  that  correfpond  to  a 
certain  number  of  threads  of  the  micrometer,  and 
the  number  of  divifions  in  the  circumference  ot 
the  index-plate,  the  fradion  of  an  inch  expreffed 
by  one  divifion  of  the  plate  may  be  deduced;  thole 
ineafures  are  as  follow : From 


taking 
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Inches . 

From  the  fulcrum  of  the  lever  to  the  feeler  5-875 
From  the  fulcrum  to  the  plate  of  contact  2.895 
Length  of  70  threads  of  the  ferew  - 2.455 

Divilions  in  the  circumference  of  the  index- 

plate  - - 100 

Hence  the  value  of  one  divifion  will  be  the 
ttVtt  part  of  an  inch  ; but  if  the  ferew  be  altered* 
one-fourth  of  one  of  thefe  dividons,  when  the  con- 
tad:  between  the  ferew  and  feeler  is  well  adjuded* 
the  difference  of  contad  will  be  very  perceivable 
to  the  flighted  obferver;  and  confequently  trVs-th 
part  of  an  inch  is  perceivable  in  this  inftrument. 
There  is  one  thing  dill  remains  to  be  fpoke  of* 
and  that  is,  the  verification  of  the  micrometer- 
ferew,  which  is  the  only  part  of  this  indrument 
that  requires  exactnefs  in  the  execution  ; and  how 
difficult  thefe  are  to  make  perfectly  good,  is  well 
known  to  every  perfon  of  experience  in  thefe  mat- 
ters ; that  is,  that  the  threads  of  the  ferew  may 
not  only  be  equididant  in  different  places,  but 
that  the  threads  fhall  be  equally  inclined  to  the  axis 
in  every  part  of  the  circumference. 

As  nearly  the  fame  part  of  the  ferew  is  made 
ufe  of  in  thefe  experiments,  the  latter  circumdance 
is  what  principally  needs  inquiry:  for  this  pur- 
pofey  let  a thin  flip  of  deel  or  other  metal  be  pre- 
pared, whofe  thicknefs  is  about  one-eighth  of  th£ 
didance  of  the  threads:  let  the  edges  of  this  thin 
plate  be  cut  into  fuch  a fhape  as  exactly  to  fit  into 
the  fixed  notch,  in  which  one  end  of  the  bar  is  laid: 
let  a ferew  pafs  through  the  dandard  of  brafs  on 
which  that  notch  is  fupported,  in  fuch  a manner, 
that  the  end  of  the  bar  to  be.  mcafured,  that  is 
farthed  from  the  lever,  may  take  it’s  bearing 
iigaind  the  point  (or  rather  the  fmall  hemifphe- 
rical  end)  of  this  ferew:  let  one  of  the  brafs  bars 
ufed  in  the  other  experiments  be  applied  to  the 
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inftrument,  and  a meafure  taken  ; then  let  the  thiit 
plate  be  put  in  between  the  end  of  the  bar,  and 
the  point  of  the  ferew  laft-mentioned,  and  again 
take  the  meafure ; but  firft  obferve  that  the  plate  is 
put  down  to  the  notch,  fo  that  the  fame  place  of 
the  plate  may  always  agree  with  the  point  of  the 
ferew;  and  confequently  no  error  may  arife  from 
a different  thicknefs  in  different  places  of  the 
plate  : obferve  al fo,  that  the  whole  comes  to  a true 
bearing;  then  advance  the  fame  ferew  till  the  mi- 
crometer-ferew  is  pufhed  backward  one- fourth  oi 
a revolution;  again  repeat  the  meafure  with  and 
without  the  thin  plate;  again  advance  the  former 
ferew,  fo  as  to  make  that  of  the  micrometer  recede 
another  quarter  of  a turn,  and  repeat  the  meafures 
with  and  without  the  thin  plate.  This  method 
being  purfued  as  far  as  neceffary,  it  is  evident,  that 
the  thicknefs  of  the  plate  being  always  the  fame, 
if  the  difference  of  meafures  taken  with  and  with- 
out it,  arc  not  always  the  fame  in  the  different 
parts  of  a revolution  of  the  micrometer-fciew , that, 
this  ferew  is  not  equiangular;  but  from  th<~  dif- 
ferences of  the  meafures  correfponding  to  the 
thicknefs  of  the  fame  plates  in  the  different  parts 
of  a revolution,  the  errors  thereof  may  be  neatly 
affio-ned.  For  greater  certainty  in  this  examina- 
tion, left  the  heat  of  the  obferver’s  body  lhould  af- 
fect "the  bar  or  inftrument  during  the  obfervation, 
let  the  whole  be  immerged  in  the  ciftern  of  water, 
which  ought  to  ftand  a fufficient  time  before  the 
obfervation  is  begun,  to  acquire  the  fame  tempe- 
rature as  the  air,  which  alfo  ought  to  be  m a 
fettled  Hate. 
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Def crip  lion  of  Mr.  John  S me  at  on's  Nevo 

Pyrometer . 

Plate  5.  fig.  I.  A BCD  is  the  main  bar  or 
bafis  of  the  inftrument. 

EF  is  the  bar  to  be  meafured,  lying  in  two 
notches;  one  fixed  to  the  upright  ftaridard  AB; 
the  other  to  the  principal  lever  HI,  The  end  E 
of  the  bar  EF  bears  againfi  the  point  of 

G,  a ferew,  of  ufe  in  examining  the  micro- 
mete  r-fc  re  w. 

The  other  end  of  the  bar  F bears  againfi  a 
fmall  fpherically  protuberant  bit  of  hard  metal, 
fixed  at  the  fame  height  as  G,  in  the  principal  le- 
ver H I. 

K is  an  arbor  fixed  in  the  bafis  which  receives 
at  each  end  the  points  of  the  ferews  H,  L,  upon 
•which  the  lever  FI  L turns,  and  ferves  as  a fulcrum 
thereto. 

O is  a {lender  fpring  to  keep  the  lever  in  a 
bearing  ftate  againfi  the  bar ; and 

P is  a check,  to  prevent  the  lever  from  falling 
forward,  when  the  bar  is  taken  out. 

N is  the  feeler,  fomething  in  the  lhape  of  a T 
fufpended,  and  moveable  up  and  down  upon  the 
points  of  the  ferews  I,  M,  which,  as  well  as  L,  H, 
are  fo  well  adjufted  as  to  leave  the  motion  free,  but 
without  fliaking. 

R is  the  handle  of  the  feeler,  moveable  upon 
a loofe  joint  at  R ; fo  that  laying  hold  of  the  knob, 
the  feeler  is  moved  up  and  down,  without  being 
atledted  by  the  irregular  p refill  rc  of  the  hand. 

The  extremity,  S,.  of  the  feeler,  is  alfo  fuiv 
nifhed  with  a bit  of  protuberant  hard  metal,  to 
Tender  it’s  contact  with  the  point  of  the  micronic-, 
fer-rferew'  the  more  perfedh 
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T is  the  micrometer-fcrew. 

V is  the  divided  index-plate;  and 

W is  a knob  for  the  handle. 

The  micrometer-fcrew  palfes  through  two 
folid  fc revved  holes  at  D and  Y. 

The  piece  YZ  is  made  a little  fpringy,  and 
endeavours  to  pull  the  fcrew  backwards  from  the 
hole  at  D ; apd  of  confequence  keeps  the  micro- 
meter-fcrew conftantly  bearing  againft  it’s  threads 
the  fame  way,  and  thereby  renders  the  motion 
thereof  perfectly  heady  and  gentle. 

X is  the  index,  having  divifions  upon  it,  an- 
fwering  to  the  turns  of  the  fcrew.  This  piece 
points  out  the  divifions  of  the  plate,  as  the  face  of 
the  plate  points  out  the  diviiions  upon  the  index. 

When  the  inftrument  is  ufed,  lay  hold  of  the 
knob  of  the  feeler  with  one  hand,  and,  moving  the 
feeler  up  and  down,  with  the  other  move  forward 
the  fcrew  T,  till  it’s  point  come  in  contact  with  the 
feeler ; then  with  the  plate  and  index,  V and  X, 
fhew  the  turns  and  parts. 

Fig.  II.  reprefents  the  inftrument  immerged 
in  a ciftern  of  water,  ready  for  ufe. 

AB  is  the  ciftern,  C the  cover,  which,  when 
the  inftrument  is  raifed  upon  blocks,  goes  on  be- 
tween the  bar  EF,  and  the  bafts  BC,  fig.  I. 

D is  a handle  to  take  oft  the  cover  when 

hot. 

E a mercurial  thermometer,  whofe  ball  is  in 
the  water. 

F a cock  to  let  out  the  water. 

Gil  is  a hollow  piece  of  tin,  which  fupports 
feven  fpirit  lamps,  which  are  raifed  higher,  or  let 
down  lower,  by  the  ferews  I and  K,  in  order  to  give 
the  water  a proper  degree  of  heat,  fhewn  by  the 
thermometer  E. 

A Table 
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A Table  of  the  Expansion  of  Metals. 

Shewing  hoiv  much  a foot  in  lengtu  of  each  grows 
longer  by  an  increafe  of  heat  correj ponding  to 
1 80  degrees  of  Fahrenheit's  thermometer , or  to 
the  difference  between  freezing  and  boiling  water , 
cxprejfed  in  fuch  parts  whereof  the  unit  is  equal 
to  the  1 0,000th  part  of  an  inch. 


1.  White  glafs  barometer  tube  - 100 

2.  Martial  rcgulus  of  antimony  - J30 

3.  Bliftord  fteel  - - 13^ 

4.  Hard  fteel  - - ^ 1 47 

5.  Iron  - - - 15 1 

6.  Bifmuth  - - - 167 

7.  Copper  hammered  - - 204 

8.  Copper,  8 parts  mixed  with  one  of  tin  21 8 

9.  Calf  brafs  - - - 225 

10.  Brafs,  1 6 parts,  with  tin  1 - 229 

11.  Brafs  wire  - - 232 

12.  Speculum  metal  - - 232 

13.  Spelter  folder,  viz.  lead  2 parts,  zinc  1 247 

14.  Fine  pewter  - - 274 

15.  Grain  tin  - - - 29S 

16.  Soft  folder,  viz.  lead  2 parts,  tin  1 301 

17.  Zinc  8 parts,  with  tin  1,  a little  hammered  323 

18.  Lead  - - 344 

19.  Zinc,  or  fpelter  - - 353 

20.  Zinc,  hammered  half  an  inch  per  foot  373 


Of  the  Power  exerted  by  Fire  in  expanding 

Metals,  &c. 

If  you  confide r for  a moment  the  vaft  weight 
which  may  be  fufpended  from  a bar  of  brafs  or 
iron,  in  a vertical  poiition,  without  feparating 
the  parts  of  the  metal ; that  is,  without  overcom- 
ing the  force  with  which  they  adhere  together; 
you  may  form  fome  idea  of  the  great  force  of  fire, 

O 4 which 
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which  can  fo  far  relax  the  texture  of  iron  and  brafs, 
that  their  parts  will  fall  afundcr  with  the  force  of 
gravity  alone.  To  render  this  force  evident,  the 
Rev.  Mr.  Jones  contrived  this  inftrument  (fig.  3, 
pi.  5,)  which  is  a compound  freel-yard;  where,  by 
means  of  a {lender  rod  of  deal,  the  fpace  defcribed 
by  the  third  lever  is  augmented,  and  made  more 
perceptible  : the  motion  of  the  fhortarm  is  to  the 
motion  of,  or  fpace  defcribed  by,  the  long  arm,  as 
1 to  100 ; fo  that  five  pounds  at  the  end  of  the  long 
arm  will  comprcfs  the  bar  at  the  end  of  the  fhort 
one,  with  a force  equal  to  a weight  of  500 lb.  I 
ihail  put  on  a weight  of  5 lb.  at  the  end  of  the 
long  arm,  and  apply  the  flame  of  this  farthing 
candle  to  the  bar  adting  on  the  end  of  the  lhorter 
arm : you  fee  plainly,  by  the  motion  of  the  index, 
that  the  expanding  power  of  fire  in  this  fmall 
compafs  is  equal  to  500 lb.  and  there  is  no  doubt 
but  that  the  flame  of  this  candle  would  overcome 
a weight  of  5000 1b.  with  the  fame  eafe,  if  the  parts 
of  the  inftrument  would  bear  the  firefs  necelfary 
for  fuch  a trial. 

Fluids  are  expanded  by  fire  as  well  as  folids; 
thofe  employed  in  thermometers  furnifh  us  with  a 
fufficicnt  proof  of  this,  as  heat  can  only  raife  the 
fluid  contained,  by  expanding  and  dilating  the  vo- 
lume thereof.  1 llrall  explain  the  nature  of  ther- 
mometers in  our  next  Ledture.  Fluids  expand 
more  or  lefs,  fooner  or  later,  according  to  their 
nature. 

To  give  you  an  ocular  demonfiration  of  this 
cxpanfive  power,  take  this  glafs  globe,  with  a long 
glafs  neck  annexed  to  it ; fill  it  with  water  up  to 
the  fir  ft  mark  on  the  neck  ; then  immerge  it  into 
a veil'd  of  hot  water  : you  fee  the  water  mounts  up 
into  the  neck,  and  will  continue  riling  as  the  heat 
of  the  water  iiicreafes ; or  if  you  take  it  out  of 
the  water,  and  apply  it  nearer  and  nearer  to  the 
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flrc,  you  will  find  it  dilate  more  and  more,  in  pro- 
portion as  you  approach  ; but  upon  removing  it 
from  the  fire  the  water  finks  again  : a clear  proof 
that  fire  dilates  it  fo  as  to  make  it  occupy  more 
fpace  when  hot  than  when  cold. 

It  appears  that  fluids  of  the  leaft  denfity  ex- 
pand molt  with  the  fame  degree  of  heat : thus  in- 
flammable air  dilates  more  with  the  fame  heat  than 
common  air,  common  air  more  than  fpirits  of 
wine,  fpirit  of  wine  more  than  linfeed-oil,  1 in- 
feed-oil more  than  water,  and  water  more  than 
mercury.  But  if  you  confider  the  time  neceifary 
for  each  fluid  to  acquire  the  greateft  degree  of  ra- 
rifadlion  it  is  fufceptible  of,  there  is  no  known  law 
to  guide  us.  Mercury,  though  much  more  denfe 
than  water,  requires  lefs  time;  while  water  em- 
ploys more  time  than  fpirit  of  wine,  which  is  lefs 
denfe  ; yet  water,  which  is  more  denfe  than  lin- 
feed-oil, requires  lefs  time  to  attain  it’s  greateft 
degree  of  rarifadtion.  Thefe  variations  depend  on 
caufes  which  have  not  yet  been  unfolded.  Melfrs. 
Bucquet  and  Lavoilier  have  made  a long  courfe  of 
experiments  on  the  dilatation  of  fluids  by  heat,  and 
it’s  progrefs,  without  difeovering  the  caufes  of 
the  lingular  diverfity  they  obferved ; and  have, 
therefore,  contented  themfelvcs  with  deferibing 
the  fadts,  without  drawing  any  inferences. 

On  Cohesion. 

It  will  be  worth  while  in  this  place  to  con- 
fider the  opinions  of  a modern  philofopher  on  co- 
hefion;  they  are  founded  on  an  experimental  in- 
veftigation  of  the  fubjedt ; and  open  a field,  that, 
if  properly  purfued,  will  throw  great  light  on 
every  phenomenon  of  nature;  they  are  indeed  in 
diredt  oppolition  to  a feigned  attradlion  of  cohe- 
fion.  The  experiments  that  have  been  ufually 
adduced  in  fupport  of  this  attradlion,  mu  ft  now 
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be  given  up,  as  having  no  concern  with  the  prin~ 
ciple  in  queffion ; but  belonging  to  the  clafs  of 
Iiydroftatical  phenomena,  not  to  that  of  immate- 
rial qualities  exerted  by  the  particles  of  bodies 
themfelves.* 

It  is  difficult  to  fay  how  the  attraction  of  co- 
hefion  came  to  be  affumed  as  a principle  by  thofe 
who  contended  for  experiment,  as  the  balls  of  phi- 
lofophy.  That  there  are  powers  by  which  cohe- 
fion  is  produced,  no  one  will  deny;  but  cohefion 
is  not  a principle  fufficiently  generalized,  to  be 
admitted  into  philofophy ; as  a caufe  of  which  we 
may  calculate  the  effects:  nor  is  it  underftood  in 
that  per  fed:  manner  which  a principle  requires. 

General  obfervation  and  matter  of  fad  may 
always  be  oppofed  to  a thoufand  little  critical  ex- 
periments. You  obferve  that  nature  is  provided 
with  the  element  of  fire ; a material  agent,  of  fuf- 
ficient  force  and  fubtilty  to  overcome  and  undo 
the  ftrongeft  effeds  afcribed  to  cohefion : and  as 
you  alfo  know  that  the  defign  of  the  Creator  was 
to  build  rather  than  to  deffroy,  more  to  promote 
an  orderly  difpolition  of  bodies,  than  to  caufe  their 
diffolution,  you  will  be  led  to  fuppofe  that  the 
fame  agent  ading  with  fome  difference  of  condi- 
tion and  circumftances,  is  able  to  affed  both  the 
pne  and  the  other. 

The  air,  for  inllance,  when  ffirred  into  a 
tfempeft,  will  tear  an  oak  up  by  the  roots  ; but 
does  not  the  fame  air  affift  the  oak  and  all  other 
trees  in  their  growth  ? Does  it  not  nourifh  and 
preferve  many  more  than  it  dellroys  ? Fire  hath, 
in  like  manner,  it’s  different  offices:  that  it  is  the 
great  catholic  diffolvent  of  nature,  few  will  deny; 
£fid  that  it  can  unite  4s  well  as  feparate,  ought  not 
to  be  doubted. 

Lefc 
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Let  us  conlider  it  for  a moment  as  a dilfol- 
vent : the  particles  of  mercury,  from  their  fphe- 
ricity,  feem  endued  with  a Itrong  attraction;  yet 
thefe  will  ceafe  to  have  any  cohelion,  and  be  fepa- 
rated  into  vapour  by  a degree  of  heat  but  little 
exceeding  that  of  boiling  water.  The  agency  of 
fire,  in  the  fame  manner,  loon  relaxes  the  cohelion 
of  water ; a greater  degree  dilfolves  the  union  of 
it’s  particles,  and  raifes  them  aloft  in  fleam  or 
vapour.  All  other  fubftances,  folid  and  fluid,  are 
fubjeCt  to  a feparation  of  their  parts  by  the  en- 
trance of  fire  : the  hardefl  metals,  how  clofely  fo- 
ever  their  parts  may  be  conne&ied,  are  eafily  dif- 
folved,  and  rendered  fluid  by  the  heat  of  a furnace. 
It  nature  be  provided,  by  it’s  Author , with  an  ele- 
ment of  fuch  power  and  activity,  as  enables  it  to 
overcome  the  ftrongelt  cohefions,  it  cannot  be  des- 
titute of  an  agent  powerful  enough  to  caufe  them : 
if  it  can  do  the  greater,  it  can  certainly  do  the 
lefs.  Fire  aCting  below  a certain  degree^  conso- 
lidates wTater  into  ice  ; it  it  aCts  above  that  degree 
it  keeps  it  fluid ; if  to  a higher  degree,  a total  fe- 
paration ot  parts  enfue,  the  effeCts  being  anfwera- 
ble  in  every  inltance  to  the  activity  and  condition 
of  a material  agent.  Two  pieces  of  metal  can 
never  be  joined  fo  as  to  poffefs  their  peculiar  me- 
tallic tenacity,  but  by  the  agency  of  fire.  When 
\ou  thus  ice  the  efteCts  vary,  as  often  as  there  is  any 
change  in  tne  element  of  fire,  you  are  compelled 
by  all  the  rules  of  reajon  and  philofophy , to  under- 
hand this  element  as  the  immediate  caufe . of  thofe 
t effeCts,  and  mult  receive  it  as  fuch,  till  it  is  de- 
fnonffrated  to  be  inadequate. 

The  cohelion  ot  bodies  by  the  action  of  this 
fluid,  may  be  illuftrated  and  confirmed  by  fome 
parallel  effeCts  : here  is  a Hop-cock  fattened  to  the 
neck  ot  a bladder,  that  it  may  be  fere  wed  on  the 
plate  of  our  air-pump;  we  will  do  this,  and  ex- 
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Lauft  the  air  from  it : this  done,  turn  the  flop-cock 
lo  prevent  the  air  from  re-entering  ; take  it  off 
the  pump,  and  the  bladder  is,  as  you  fhw  before 
in  one  of  the  preceding  Lectures,  transformed  into 
two  flat  fkins,  ftrongly  applied  together,  that 
you  cannot,  with  all  your  force,  feparate  one  from 
the  other:  on  the  contrary,  if  you  fill  the  bladder 
with  air,  and  turn  the  flop-cock,  to  prevent  it 
from  getting  out,  you  will  find  it  more  difficult  to 
bring  the  fades  together  (if  the  bladder  be  not 
ruptured  in  the  attempt,)  than  it  was  before  to  fe- 
parate them.  Now,  fuppofing  a perfon  prefented 
with  this  fpedtacle,  unacquainted  with  the  pref- 
fure  of  the  atmofphere,  as  you  were  before  this 
courfe  of  Lcdtures,  what  would  he  have  faid,  when, 
pulling  at  the  Tides  of  the  bladder,  he  found  it 
impoffible  to  lift  up  either  of  them.  If  acquainted 
with  philofophical  terms,  he  might  fay,  that  na- 
ture abhors  a vacuum  ; or  he  might  confider  it  as 
an  undeniable  proof  of  attraction.  When  the 
bladder  is  blown  up,  fuppofing  him  flill  ignorant 
of  the  fluid  within  it,  he  would  probably  fay  that 
the  fldes  repel  each  other,  or  that  they  are  elaftic : 
attributing  that  elaflicity  to  the  folid  matter  of  the 
membrane,  which  is  the  property  of  the  folid  me- 
dium within  it.  You  remember  our  experiments 
with  the  Magdeburgh  hemijphcres : you  know  that 
if  the  air  be  exhauflcd  from  within,  there  will  be 
an  exccfs  of  prefliire  without,  which  fixes  the  he- 
rn ifphcr.es  firmly  together;  admit  the  air,  and  they 
fall  afunder.  As  every  fluid  is  naturally  in  equi- 
tibrio  with  i t fcf f , the  air,  when  applied  to  both  the 
inner  and  outer  furfaccs,  will  prefs  with  equal  and 
contrary  forces,  w hich  of  courfe,  by  counteracting, 
deftroy  each  other. 

As  the  entrance  of  the  air  deftroys  the  ad- 
hclvon,  by  refioring  the  equilibrium,  it  is  plain 
there  was  nut  an  equilibrium  before  ; the  actiorj. 
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from  within  muft  have  been  weaker  than  the  .action, 
from  without : when  the  former  of  thefe  is  made 
equal  to  the  latter,  the  cohefion  ceafes ; it  is  one 
ami  the  fame  fluid  that  on  this  occafion  exercifes 
the  offices  of  uniting  and  J'eparating  the  hemif- 
pheres. 

Let  11s  now  pafs  from  the  fiirfaces  of  the 
brafs  hemifpheres,  to  the  cohefion  of  brafs : this, 
when  thrown  into  the  furnace,  foon  grows  red, 
and  as  the  heat  increafes  becomes  in  a manner 
tranfparent : the  matter  of  fire  penetrates  into  the 
body  of  the  metal,  and  when  the  medium  within 
is  nearly  in  the  fame  condition  as  the  medium 

j , 

without,  there  is  an  end  of  it’s  cohefion. 

An  eifect  which  is  thus  made  to  ceafc  in  a 

mechanical  way,  may  be  produced  in  the  fame  way; 
and  if  the  . m ranee  and  extrication  of  the  fire  dif- 

folves  and  Separates  the  parts  of  the  metal,  why 
may  not  the  preifure  of  the  fame  element  be  the 
true  caufe  of  their  cohefion  ; the  fire  within  com- 
bining itfelf  at  the  fame  time  with  the  particles 
of  the  metal,  fo  as  to  have  lefs  power  to  exert  it- 
felf againit  this  external  preifure.  If  you  deny 
the  prefiiire  of  the  air,  you  muft  have  recourfe  to 
at  traffic  1 01  fufdon,  or  an  incorporeal  agency,  to 
account  for  the  adhefion  of  the  hemifpheres. 
Allow  b it  the  exigence  and  preifure  of  elementary 
fire,  the  reality  of  which  is  manifefted  to  as  many 
of  the  bodily  ienfes  as  air,  and  you  need  not  have 
recourfe  to  any  of  thefe  things  to  account  for  the 
cohefion  of  the  brafs.  If  any  experimentalift  can 
exhibit  one  fingle  folitary  inftance  of  a cohering 
bod  , where  he  can  prove  the  internal  and  externaL 
prelfures  to  be  equal  in  all  refpedts,  we  will  grant 
him  in  this  cafe  his  attraction,  and  confefs  that  this 
effect  is  not  brought  to  pafs  in  a phyfical  way  ; 
and  fiat  we  underhand  no  more  of  the  caufe  of  it’s 
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cohefion  than  he  has  exprelTed  under  that  word* 
which  is  juft  nothing  at  all. 

The  effedts  of  heat  and  cold,,  as  daily  exhi- 
bited to  our  fenfes  in  the  ordinary  changes  of  the 
weather,  are  fufficicnt  to  juftify  the  foregoing  in- 
ferences. When  the  weather  grows  warm,  the 
power  of  cohefion  grows  weaker : when  the  wea- 
ther becomes  cold,  this  power  is  increafed ; and 
the  hardeft  of  metals,  in  common  with  all  other 
bodies,  are  proportionably  altered  in  their  dimen- 
llons.  Extreme  heat  will  diffolve  them  ; extreme 
cold  will  harden  and  render  them  fo  brittle,  that 
large  bars  of  iron  may  be  eafily  fnapt  afunder,  after 
they  have  been  expofed  all  night  in  the  open  air, 
to  a fevere  froft.  A power  of  fo  fluctuating  a na- 
ture, and  which  is  thus  increafed  and  diminifhed 
with  every  change  of  the  elements,  can  be  no  pro- 
perty of  the  cohering  matter.  If  the  changes  of 
the  atmofphere  are  found  to  make  the  heights  of 
the  barometer  vary,  who  can  doubt  that  the  pre [Jure 
of  the  air  is  the  foie  and  adequate  caufe  of  it’s  fuf- 
penfion  ? And  accordingly,  if  the  air  be  totally  re- 
moved from  the  furface  of  the  ciftern,  the  mercury 
drops  to  a level  with  it  : thus  alfo,  if  the  degrees 
of  denfity  in  a cohering  body,  vary  with  the  de- 
grees of  heat,  where  fhould  we  feck  but  in  the 
'element  of  fire  for  the  true  and  phyiical  caufe  of 
cohefion. 

Every  thing  points  out  that  cohefion  corref- 
ponds  with  what  we  conceive  to  be  acting,  when 
a body  is  diminifhed  in  volume  by  loling  it’s  power 
of  dilatation:  it  is  a power  that  is  always  over- 
come as  to  this  effect,  when  the  oppofite  power,  or 
that  of  dilatation,  is  increafed. 

The  operation  of  fire  is  varied  according  to 
the  feveral  conditions  in  which  it  may  be  found 
to  act.  In  relifting  the  action  of  that  gravitating 
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matter  by  which  the  parts  of  the  body  tend  to  ap- 
proach, the  operation  of  the  matter  oppofed  is 
called  heat,  and  diftinguifhed  in  being  that  of  di- 
latation; therefore,  when  the  volume  in  certain 
cafes  is  augmented,  the  heat  of  dilatation  is  the 
proper  power  by  which  this  change  is  effected  : 
but,  when  the  volume  of  a body  is,  on  the  con- 
trary, diminilhed  by  the  influence  of  another  body, 
that  is  cold,  then  the  proper  addon  of  heat  in  the 
condenfed  body,  is  as  much  overcome  as  is  that  of 
gravitation  in  the  other,  which  is  then  dilated. 

Natural  bodies  may,  therefore,  be  confidcred 
as  influenced  by  an  agent  acting  in  two  different 
modes  : in  the  one,  diminifhing  the  volume  of  the 
body ; in  the  other,  augmenting  this  volume  in  di- 
latation. The  limited  extenffon  of  the  body  is 
thus  conceived,  as  conliffing  in  the  proper  ballance 
of  thofe  oppoffng  agents. 

Hence,  as  the  fixed  volume  of  a body  (which 
is  not  abfolute  or  real,  but  apparent,)  arifes  from 
the  ballance  of  it’s  powers  ; fo  the  actual  and  per- 
ceived changes  in  the  volume  of  a body,  are  oc- 
cafioned  by  the  prevalence  of  one  or  other  of  thofe 
powers,  according  as  increafe  or  diminution  of 
volume  is  the  effect ; and  thus  in  the  one  cafe  it  is 
the  dilating  power  of  fire  which  is  manifeffed ; 
in  the  other  it  is  the  compreffing  adtion  of  gravi- 
tation that  is  to  be  conlidered  as  the  immediate 
caufe  ; though  the  more  remote  one  is  the  abffrac- 
tion  of  fire  (or  that  ceffation  of  it’s  adtion  as 
heat,)  which,  in  common  language,  is  the  opera- 
tion of  cold. 

Fire,  when  adting  as  heat,  is  a power  adting 
in  the  oppofite  diredtion  to  that  principle  of  gra- 
vitation, by  which  the  union  of  matter  is  effected  : 
thefe,  therefore,  are  the  principles  by  which  the 
volumes  of  bodies  are  determined,  and  conse- 
quently preferved. 
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Thefe  alfo  give  rife  to  the  power  by  which 
elafticity  is  produced.  An  external  force  endea- 
vouring to  comprefs  a body  into  a fmaller  volume, 
confpires  with  the  proper  adlion  of  gravitation, 
and  oppofes  that  of  heat : if,  therefore,  after  hav- 
ing dirninifhed  the  volume  of  the  body  by  com- 
preffion,  the  external  force  is  removed,  as  the  pro- 
per powers  of  the  body  remain,  elafticity  fhould 
appear,  by  which  the  natural  volume  of  the  body 
is  reftored. 


Of  true  and  false  Philosophy. 

Of  the  various  diftinctions  which  characterize 
philofophy,  there  are  none  which  deferve  fo  much 
your  attention  as  thofe  which  feparate  what  is 
true  from  what  is  falfe : from  thefe  you  will  learn, 
that  thofe  men  who  aftume  the  name  of  philofo- 
phers,  to  countenance  infidelity  and  licentiouf- 
nefs,  are  not  lefs  enemies  to  philofophy  than  to 
divinity. 

The  mind  of  that  man  who  conceives  fo 
falfely  of  the  Divine  oracles,  as  to  belie  vethat  they 
oppofe  true  and  ufeful  learning,  has  been  de- 
bauched by  fophifiical  reafonings,  or  debafed  by 
groveling  and  unworthy  purfuits.  Sacred  writ 
arms  us,  indeed,  againft  vain  philofophy,  and  all 
the  empty  fidtions  of  the  human  imagination, 
which  bring  forth  neither  pleafure  nor  profit ; but 
then  it  invites  you,  in  the  fublimeft  ft  rains,  to 
conlider  the  works  of  God,  whofe  counfels  and 
perfections,  as  they  are  difplayed  in  the  creatures , 
will  ever  be  beft  underftood  by  thofe  who  ftudy 
them  with  humility  and  attention. 

Learning  and  philofophy  never  Ihone  more 
bright  than  when  they  met  with  faith  and  religion 
in  the  mind  of  the  excellent  Lord  Bacon;  whole 
opinion  it  was,  that  the  wonderful  works  ol  God 
an  jninifter  a fingular  help  and  prejervation  againft 
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infidelity  and  error . If  there  be  any  philofophera 
fo  void  of  underftanding,  as  to  regard  the  fcience 
of  nature,  only  as  a tower  of  Hate  for  a proud 
mind  to  raife  itfelf  upon;  and  to  efteem  themfelves 
licentiates  in  infidelity,  becaufe  they  make  fome 
figure  in  philofophy ; it  may  poffibly  do  them 
fome  good,  to  look  back  upon  the  example  of  this 
great  man,  who  preferved  a mind  untainted  with 
the  pride  of  herefy  and  infidelity;  and  was  not 
more  to  be  admired  for  his  extenfive  learning  and 
experience  in  the  ways  of  nature,  than  for  his 
theological  (kill  and  penetration  into  the  wfifdom 
of  the  facred  writings:  ff  tfhere  are fays  he, 

if  two  books , or  vohnnes  of  ftudy  laid  before  us  : if 
we  will  be  fecured  from  error , firfi , the  Scriptures 
revealing  the  will  of  Cody  and  then  the  creature' s 
exprejfing  his  power , whereof  the  latter  is  a key  unto 
the  former:  they  are  both  written  by  the  finger  of  the 
one  eternal  God." 

In  thefe  we  are  taught  that  the  fame  God, 
who  created  the  world  in  wifdom,  upholds  it  in 
mercy ; that  in  him  we  live,  and  move,  and  have 
our  being.  If  the  fun  gives  us  light  and  warmth, 
it  is  bis  funy  which  he  maketh  to  rife  on  the  evil 
and  the  good.  If  the  clouds  pour  down  their 
water  upon  our  fields,  to  nouriih.  and  bring  for- 
ward the  fruits  of  the  earth,  it  is  he  that  fendeth 
rain  on  the  juft  and  unjuft : to  him,  therefore,  the 
bleflings  that  are  difpenfed  to  us  in  the  ordinary 
courfe  of  nature,  are  to  be  devoutly  afcribed,  as  to 
the  primary  fource  of  all  life  and  motion.  This 
conclufion  will  be  equally  true,  whether  God  is 
fuppofed  to  diftribute  the  benefits  of  nature  from 
his  own  hand  immediately,  or  by  the  mediation  of 
fecondary  caufes  of  his  own  appointing ; for  either 
way  the  real  government  of  the  whole  can  onlv 
terminate  in  himfelf. 
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There  are  foroe  who  difpute  againft  the  ope- 
ration of  fecond  caufes,*  as  thinking  it  to  derogate 
from  the  power  of  God,  that  he  Ihould  Hand  in 
need  of  their  afliflance.  But  they  ihould  be  told, 
that  God  did  not  make  the  world  becaufe  he  him- 
felf  flood  in  need  of  any  thing : it  was  for  the 
benefit  of  his  creatures ; and  with  the  fame  view's 
he  efiablifhed  the  operation  of  fecond  caufes,  con- 
fulting  therein  our  wants,  not  his  own. 

Man  is  a compound  being,  made  up  of  two 
different  parts  that  claim  a kindred -with  two  dif- 
ferent worlds,  the  viiible  and  invifible.  The  na- 
tural, or  bodily  part,  muff  be  fupported  by  natural 
powers  ; the  fuperior,  or  fpiritual  part,  by  God, 
who  is  a fpirit,  and  whole  powers  alone  can  pof- 
fibly  extend  to  it’s  w;ants.  When  nature  fhall 
fink,  and  the  fpiritual  world  open  upon  us,  God 
himfelf  will  take  the  place  of  all  inferior  caufes. 
A fpiritual  interpofition  is  not  wanting  in  the 
Chriftian  difpenfation  ; but  then  it  is  calculated 
for  the  benefit  of  man’s  fpirit , while  his  body  is 
left  to  the  ways  of  nature.  The  two  kingdoms 
of  nature  and  grace,  as  two  parallel  lines,  corref- 
pond  to  each  other,  follow'  a like  courfe,  but  can 
never  be  made  to  touch.  An  adequate  underffanding 
of  this  diflinciion  in  all  it’s  branches,  would  be  the 
confummation  of  human  knowledge. 

* {£  Certain  it  is,”  fays  Lord  Bacon,  that  Cod  worketh  no- 
thing in  nature,  but  by  fecond  caufes  ; and  if  they  would  have  it 
otherwife  believed,  it  is  mere  impofture,  as  it  were  in  favour 
towards  God,  and  nothing  elfc  but  to  offer  to  the  Author  of 
Truth  the  unclean  facrifice  of  a lie.” 


LECTURE 


( 243  I 


LECTURE  VII. 

On  Fire. 

HEAT  and  cold  are  perceptions  of  which  we 
acquire  the  ideas  from  the  fenfes : properly 
fpeaking,  thefe  ideas  only  indicate  a certain  (late 
in  which  we  find  ourfelves  independent  of  any 
exterior  object. 

But  as  thefe  fenfations  are,  for  the  moft  part, 
produced  by  fome  of  the  bodies  which  furround 
us ; and  as  they  are  generally  accompanied  in  the 
bodies  themfelves  by  an  augmentation  or  dimi- 
nution of  fire,  we  confider  them  as  caufes ; and, 
judging  by  appearances,  we  apply  the  names  hot 
and  cold  to  the  fubftances  themfelves,  calling 
thofe  hot,  which  produce  in  us  the  fenfation  of 
heat,  and  thofe  cold,  which  communicate  the 
fenfation  of  cold.  Whatever  be  the  nature  of  that 
quality  in  bodies  which  we  call  heat,  we  are  allured 
it  does  not  refemble  the  fenfation  of  heat  : it  is 
no  lefs  abfurd  to  fuppofe  a likenefs  between  the 
fenfation  and  the  quality,  than  it  wrould  be  to  fup- 
pofe that  the  pain  of  the  gout  refembles  a fquare 
or  a triangle.  The  moft  unlearned  man,  if  endued 
with  common  fenfe,  never  imagines  the  fenfation 
of  heat,  or  any  thing  that  refembles  it,  to  be  in  the 
fire  ; he  only  imagines  that  there  is  fomething  in 
the  fire  which  occafions  this  fenfation : but  as  the 
name  more  frequently  figni lies  this  unknown  fome- 
thing, than  the  fenfation  occafioned  by  it,  he  juflly 
laughs  at  the  philofopher  who  denies  that  there  is 
any  heat  in  the  fire.  The  contradiction,  however, 
between  the  philofopher  and  the  vulgar,  is  more 
apparent  than  real,  and  is  owing  to  an  abufe  of 
language  on  the  part  of  the  philofopher,  and  of 

R i indiftint: 
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indiftindt  notions  on  the  part  of  the  vulgar.  The 
philofopher  fays  there  is  no  heat  in  fire,  meaning 
that  the  fire  has  not  the  fenfation  of  heat : his 
meaning  is  juft,  but  his  language  is  improper ; for 
there  is  really  a quality  in  fire,  of  which  the  pro- 
per name  is  heat ; a name  given  to  it  more  fre- 
quently both  by  the  philofopher  and  the  vulgar, 
than  to  the  fenfation  of  heat : and  when  he  ex- 
plains himfelf,  and  fays  that  fire  does  not  feel  heat, 
the  difficulty  vanifhes,  and  the  vulgar  will  agree 
with  him.* 

And  further,  heat  and  cold  fignify  as  well  our 
fenfations,  as  the  modifications  of  bodies  occafion- 
ing  them  : therefore,  though  we  fay  the  fire  is 
hot,  and  makes  us  hot,  we  do  not  mean  the  fame 
thing  by  the  fame  word  in  both  places  : thus  when 
we  talk  of  fire  melting  metals,  or  burning  com- 
buftibles  by  the  intenfenefs  of  it’s  heat,  we  mean 
the  property  it  has  of  producing  the  alterations  we 
fee  made  in  thofe  bodies;  and  this  we  denominate 
heat,  from  that  belt  known  effect  we  find  it  have 
upon  ourfelves,  in  raifing  a burning  fmart  in  our 
fkfh  whenever  we  approach  near  enough ; there- 
fore, thofe  who  would  find  fault  with  us  for  attri- 
buting heat,  &c.  to  inanimate  bodies,  are  too 
hafly ; for  by  fuch  expreffions  we  do  not  under- 
Hand  * the  fenfations,  but  the  qualities  giving  rife 
to  them,  which  qualities  really  belong  to  the  bo- 
dies : fo  that  with  your  plain  neighbours  {you  may 
maintain  fnow  to  be  white,  fire  hot,  ice  cold, 
rofes  fweet,  poppies  {linking,  wormwood  bit- 
ter, and  the  like;  and  this  you  may  juftly  do  without 
offence  to  propriety  of  fpeech,  or  to  found  phi- 
lofophy. 

Our  fenfations  depend  not  only  on  the  lub- 

ftanccs  which  excite  them,  but  on  the  actual  Hate 

of 
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of  our  bodies  at  that  time;  we  cannot,  therefore, 
conclude  the  exadt  identity  or  fimilarity  of  the 
caufe  from  the  famenefs  of  the  fenfations,  unlefs 
we  could  be  allured  our  bodies  were  in  the  fame 
Fate;  if  they  be  not,  the  fame  object  will  produce 
very  different  fenfations  : thus,  if  you  plunge  your 
hand  into  luke-warm  water,  the  water  will  appear 
cold,  if  your  hand  be  warm  ; but  if  your  hand  be 
cold,  the  water  will  appear  to  be  warm,  though  in 
both  cafes  it  polfelfes  the  fame  temperature. 

Of  sensible  Heat. 

Heat  and  cold  are  not  names  of  things  effen- 
tially  different,  but  only  of  different  degrees  of  the 
fame  thing ; that  is,  of  fire  in  motion.  The  pe- 
netrating power  of  fire  confidered  as  a fenfation, 
or,  in  other  words,  Jenfible  heal , is  only  the  effect 
produced  upon  our  fentient  organs,  by  the  motion 
or  paffage  of  fire  difengaged  from  the  furrounding 
bodies.  When  you  touch  a cold  body,  fire,  which 
always  tends  to  an  equilibrium  in  all  bodies,  palfes 
from  your  hand  into  the  body  you  touch  ; this  lofs 
of  fire  communicates  to  .us  the  fenfation  of  cold. 
The  contrary  happens  when  we  touch  a warm 
body ; the  fire  then  palling  from  the  body  into  our 
hand,  produces  the  fenfation  of  heat ; if  the  hand 
and  the  body  touched  be  of  the  fame  temperature, 
or  very  nearly  fo,  we  receive  no  impreffion  of  heat 
or  cold  : our  fenfations  are,  therefore,  both  imper- 
fect and  deceitful  meafures  of  heat,  and  will  not 
afeertain  the  condition  of  bodies,  with  refpedt  to 
heat  and  cold  ; hence  philofophers  have  fought  for 
fome  method  by  w hich  they  determine  the  tempe- 
rature of  bodies  w ith  certainty  : this  they  found 

in  that  property  of  heat,  whereby  it  expands  and 
dilates  all  bodies,  which  are  confequently  contracted 
by  lefs  degrees  of  heat,  or  W'hat  we  term  cold. 
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Of  Thermometers. 

The  thermometer  (fig.  4,  pi.  5,)  is  the  m- 
ffrument  devifed  by  fcience,  and  executed  by  art, 
tis  the  moft  extenfive  and  accurate  means  of  infor- 
mation, with  refpedt  to  the  diffufion  of  heat  among 
bodies'.  It  is  perceptibly  affected  by  the  dilatation 
of  a fmall  quantity  of  fire  received,  or  by  the  con- 
denfation  following  upon  the  feparation  of  a fimi- 
lar  quantity  of  fire : confequently,  when  this  in- 
ffrument  is  feverally  connedfea  with  bodies  being 
in  a feparate  hate,  the  different  or  equal  tempe- 
ratures of  thofe  bodies  may  be  difcovered  by  the 
thermometer,  according  as  it  fhall  either  indicate 
diffufion,  or  no  diffufion,  of  heat  on  thefe  occa- 
fions.  In  other  words,  v 

Thermometers  are  inffruments  to  meafure  the 
degree  of  heat  by  the  expanfion  and  contradfion 
of  different  fubffances.  Fluids  are  thofe  generally 
ufed,  becaufe  they  dilate  more  readily  than  folids. 
ghtickfilver  is  preferred  to  other  fluids,  1.  From 
it’s  unchangcablenefs : 1.  For  the  regularity  of  it’s 
expanfion  : 3.  Becaufe  it  does  not  foil  the  tube. 

A mercurial  thermometer  confifts,  as  you  fee, 
of  a tube  of  glafs,  the  end  of  which  is  blown  into 
a ball  or  cylinder;  the  ball,  and  part  of  the  tube, 
is  filled  with  mercury : the  expanfion  or  contrac- 
tion of  the  mercury  is  fhewn  by  the  rife  and  fall 
of  the  mercury  in  the  tube,  which  is  meafured  by 
the  fcale  affixed  thereto.  The  fmaller  the  bore  or 
diameter  of  the  tube  is,  the  more  vifible  will  be 
the  rife  of  the  fluid  by  a fmall  expanfion.  It  is 
not  fufficient,  however,  to  have  found  a meafure 
of  heat;  it  muff  alfo  be  univerfal ; that  is,  fpeak 
the  fame  language,  and  raife  the  fame  ideas  in  the 
mind  in  all  places,  and  at  all  times.  To  this  end 
it  is  necelfary,  1.  That  this  meafure  ffiould  begin 
from  a known  and  determinate  point : 2.  That  an- 
other 
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other  point  be  afcertained  at  feme  diftanee  from 
the  former,  but  equally  fixed  and  certain  : 3.  That 
the  fpace  between  thefe  two  points  be  divided  into 
a given  number  of  degrees,  fo  that  the  fcale  may 
always  have  a court  ant  and  known  proportion. 

It  has  been  clearly  proved,  by  numerous  ex- 
periments, that  the  freezing-point  of  water,  or 
temperature  of  ice  or  fnow  at  the  inftant  of  for- 
mation, or  rather  when  it  is  beginning  to  liquify, 
is  conftantly  the  fame  in  all  places,  and  at  all 
times.  The  fame  may  be  faid  of  the  boiling-point 
of  water,  or  the  temperature  at  which,  under  a 
given  preflure  of  the  atmofphere,  an  ebullition 
takes  place.  If,  therefore,  the  bulb  of  a thermo- 
meter be  plunged  into  melting  fnow,  and  after- 
wards into  boiling  water,  and  be  kept  in  each  till 
it  acquires  their  temperature,  and  marks  are  made 
at  the  refpe&ive  heights  the  mercury  (lands  atonthe 
immerlion  in  each" temperature,  two  fixed  points 
will  be  obtained.  To  make  this  plainer,  if  you 
put  the  bulb  of  a mercurial  thermometer  into 
melting  fnow  , it  will  fall  to  a certain  point,  where 
it  will  remain  till  the  fnow  be  melted;  (hewing 
you  that  fnow  has  always  a certain  degree  of  cold- 
nefs,  and  has  the  power  of  reducing  mercury  to 
the  fame  degree.  In  the  fame  manner,  if  'you 
plunge  your  thermometer  into  boiling  water,  it 
always  rifes  to  the  fame  height.  While  you  are  in 
health,  if  you  place  the  bulb  of  a thermometer  in 
the  mouth,  it  will  alw  ays  rife  to  a certain  point. 

In  a good  thermometer  it  is  necelfary  that  the 
fpace  between  the  mercury  and  the  fealed  tad  of 
the  tube  be  free  from  air;  if  this  be  effected,  the 
mercury  in  the  tube  wall  run  backwards  and  for- 
wards upon  inverting  the  inllrument.  The  fcale 
muft  be  adjufied  to  the  inequalities  of  the  tube; 
the  fixed  points  mud  be  accurately  afoertained. 

R 4 The 
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The  thermometers  moft  in  ufe  at  prefent  arc 
Fahrenheit's,  Reaumur's , and  Celfms'%.  In  Fah- 
renheit’s fcale,  the  number  of  degrees  between  the 
freezing  and  boiling  water  point  is  1 80  ; the  freez- 
ing point  being  at  320,  and  the  boiling  point  at 
2i2Q  : both  the  numbers  are  above  o,  or  the  point 
from  which  the  degrees  are  numbered  both  ways. 
In  Reaumur’s  fcale  the  number  of  degrees  be- 
tween thefe  two  points  is  80,  and  the  freezing  point 
is  called  o°.  In  Celfius’s  thermometer  the  in- 
terval is  divided  into  iqq,  and  the  freezing  point 
is  o°,  as  in  Reaumur’s.  To  reduce  thefe  feales  to 
each  other,  you  mull  obferve  that  one  degree  of 
Fahrenheit’s  is  equal  to  four-ninths  of  a degree  of 
Reaumur’s,  and  to  five-ninths  of  a degree  of  Cel- 
lius’s  : therefore,  if  you  multiply  the  number  of 
degrees  below  or  above  the  freezing  point  of  Fah- 
renheit’s by  4,  and  divide  the  produdt  by  9,  the 
quotient  will  be  the  correfponding  number  on 
Reaumur’s  fcale.  If  the  multiplier  5,  and  the 
divifor  9,  be  ufed,  the  quotient  will  give  the  de- 
grees of  Celfius’s  fcale : and,  on  the  contrary,  if 
any  number  of  degrees  be  multiplied  by  9,  and 
divided  by  4,  if  of  Reaumur;  by  5,  if  of  Celfius  ; 
the  quotient  will  give  the  degrees  of  Fahrenheit, 
cither  above  or  below  the  freezing  point,  accord- 
ing to  the  cafe. 

The  dilatations  and  contradlions  of  the  mer- 
curial thermometer  are  nearly  proportional  to  the 
quantity  of  fire,  which  are  communicated  to  the 
fame  homogeneous  bodies,  orfeparated  from  them, 
as  long  as  they  retain  the  fame  form : thus  the 
quantity  of  heat  required  to  raife  a body,  four  de- 
grees in  temperature  by  the  thermometer,  is  nearly 
double  that  which  is  required  to  raife  it  two  de- 
grees ; four  times  that  required  to  raife  it  one  de- 
gree, and  fo  in  proportion. 


The 
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The  determination  of  the  correfpondence  be- 
tween the  degrees  of  the  thermometer,  and  the 
actual  variations  of  the  heat  of  fluids,  has  been 
accurately  inveftigated  by  Mr.  De  Luc  : he  laid 
it  down  as  a principle,  ‘Z hat  if  equal  quantities  of 
hot  and  cold  water  be  mixed  together , the  difference 
of  heat  will  be  equally  divided  between  them:  from 
whence  it  was  concluded,  that  a thermometer 
being  immerfed  in  hot  water,  and  alfo  in  cold, 
previoully  to  the  mixture,  if  the  expanfions  wrere 
in  proportion  to  the  quantities  of  fire  communi- 
cated, it  would  point  after  the  mixture  to  the 
arithmetical  mean,  or  to  half  the  difference  of  the 
feparate  heats  added  to  the  lefs,  or  fubtradled  from 
the  greater.  Thus,  a quantity  of  water  at  45.5,* 
being  mixed  with  an  equal  quantity  at  200.75,  the 
thermometer  indicated  fomewhat  lefs  than  the 
arithmetical  mean;  the  deviation  was  not  more 
than  two  degrees  below  that  point.  The  experi- 
ment was  repeated  at  different  temperatures  with 
a fimilar  refult ; from  whence  M.  De  Luc  inferred 
that  the  mercurial  thermometer  is  nearly  an  accu- 
rate meafure  of  heat.  The  experiments  from 
which  this  fundamental  principle  is  derived,  have 
been  examined  with  peculiar  care  and  accuracy  by 
Dr.  Crawford  ; who  ftill  found  that  the  expanfions 
of  the  mercury  in  the  thermometer,  are  corref- 
pondent  with  the  heat  it  receives ; and  that  it  is, 
therefore,  an  accurate  meafure  of  heat. 

When  the  thermometer  is  rifing,  it  fhews  that 
fire  is  entering  into  the  furrounding  bodies  : the 
thermometer,  which  is  one  of  thefe,  receives  it's 
fhare  in  proportion  to  it’s  mafs,  and  the  capacity 
it  has  for  containing  fire.  The  change,  there- 
fore, which  takes  place  in  the  thermometer,  an- 
nounces 

* We  always  mean  Fahrenheit’s  fcale,  unlefs  when  otherwife 
noticed. 
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nounces  a fiate  of  action,  and  probably  a change 
of  place  in  the  fire  contained  in  the  furrounding 
bodies,  and  of  which  itfelf  forms  one  part  : it 
indicates  the  portion  received  ; but  is  not  a mea- 
fure  of  the  whole  quantity  difengaged,  difplaced, 
or  abforbed.  We  cannot  deduce  with  accuracy* 
from  it  the  fire  which  efcapes  from  living  bodies, 
or  determine  with  precifion  the  temperature  of  any 
fub fiance ; for  the  fcale  of  the  thermometer  is  a 


fcale  of  exparjion , not  of  heat. 

As  it  is  efiential  to  conceive  clearly  what  is 
really  indicated  by  the  thermometer,  let  us  fuppofe 
a thermometer  in  a veffel  lull  of  water  : now  both 
the  water  and  the  thermometer  contain  fire,  and 


this  has  a tendency  to  quit  both.  If  this  force  be 
equal  in  each,  the  mercury  will  neither  rile  nor 
fall  on  plunging  the  infirument  into  the  water,  be- 
caufe  fire  has  the  fame  degree  of  expanfibility  in 
each  ; and  the  thermometer  (hews,  by  the  degree 
on  it’s  fcale,  the  temperature  of  the  fluid. 

If  the  expanfive  force  of  the  fire  in  the  water, 
or  it’s  tendency  to  quit  the  water,  be  greater  than 
that  of  the  fire  in  the  thermometer,  it  will  pafs 
into  the  thermometer,  and  expand  the  mercury  till 
the  fire  in  each  has  the  fame  tome;  fo  that  the 
mercury  will  in  this  cafe  ado  indicate  the  tem- 
perature of  the  fluid.  If  the  tenfion  of  the  fire 
be  lefs  in  the  water  than  in  the  thermometer, 
the  excefs  will  be  communicated  by  the  ther- 
mometer to  the  water  until  they  have  acquired 
an  equilibrium  ; the  thermometer  will  defeend 
as  the  fire  abandons  it,  and  ceafe  to  defeend  when 
the  expanfive  force  is  equal  in  each  ; fo  that  in 
rhis  cafe  alfo  it  indicates  the  temperature  ot  the 

^ater.  * _ „ . , 

But  this  expanfive  action  oa  fire  depends  on 
L two 
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two  caufes  : the  degree  of  it’s  accumulation,  or 
abfolute  denfity,  and  on  the  faculty  of  the  fub- 
fiance  in  which  it  is  accumulated,  to  reftrain  or 
retain  it,  which  is  often  called  it’s  fpecijic  heat: 
the  expanfibility  is  in  the  diredt  ratio  of  the  den- 
fity,  and  inverfe  of  the  fpecific  heat.  From  what 
has  been  laid,  I hope  it  ftill  appears  more  evident, 
that  thermometers  do  not  teach  us  any  thing  con- 
• cerning  the  abfolute,  or  even  relative  quantity  of 
fireghat  is  contained  in  bodies  : They  only  indicate 
the  tranjiations  or  transfufions  of  the  igneous  fluid ; 
and  fubdivide  into  nearly  equal  aliquots , a certain 
portion  of  the  entire  J'cale  of  heat. 

Of  latent  Fire,  and  specific  Heat. 

Let  us  fuppofe  a point,  or  focus,  from  whence 
there  iffues  a conffant  and  uniform  emanation  of 
fire;  and  that  at  equal  diftances  round  it  feveral 
fubftances  of  the  fame  nature  and  fize  be  placed  ; 
thefe  will  all  be  penetrated  by  the  igneous  emana- 
tion, and  their  temperature  will  rife  by  equal  de- 
grees, and  will  ceafe  to  rife  when  the  fire  within 
fhall  have  acquired  an  expanlive  force  equal  to  that 
of  the  emaning  fire  : but  if  the  fubftances, 

though  of  equal  mafs  or  weight,  are  of  a different 
nature  ; as,  for  inftance,  a pound  of  water,  a pound 
of  glafs,  a pound  of  mercury,  &c.  the  fire  will  pe- 
netrate them  all,  and  they  will  all  finally  acquire 
the  fame  temperature,  but  in  different  fpaces  of 
time,  and  by  diffimilar  degrees.  This  may  depend 
on  two  caufes  not  ealily  feparable  : the  different 
permeability  of  thefe  fubftances  to  the  matter  of 
fire,  or  to  their  faculty  of  conducting  heat,  in  vir- 
tue of  w hich  a longer  or  fhorter  time  is  required 
to  penetrate  their  texture.  The  greater  their  fa- 
culty of  containing  or  retaining  liberated  heat,  the 
more  will  they  permit  the  accumulation  thereof, 
before  an  equilibrium  in  the  expanlive  force  takes 

place ; 
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place ; confequently  you  cannot  infer  that  this 
equilibrium  is  occafioned  by  equal  accumulations 
of  fire. 

If  an  hygrometer  be  applied  to  different  fub- 
ftances, as  blotting  paper,  fpunge,  and  wood,  the 
moment  they  are  taken  out  of  the  water,  it 
might  {hew  11s  that  they  were  equally  wet,  but 
would  leave  us  altogether  ignorant  of  the  quan- 
tities of  water  they  contained : in  like  manner, 
the  thermometer  applied  to  fubftances  heated  to 
the  fame  degree,  will  fhew  that  the  fire  has  an 
equal  expansibility  in  each ; but  it  teaches  us  no- 
thing as  to  the  abfolute  or  relative  quantities  of 
fire  which  produce  this  tendency  : but  you  may 
obtain  ,the  relative  quantities  of  water  in  the  three 
fubftances,  by  drying  them  to  the  fame  degree  in 
an  apparatus  proper  to  felect  feparately  the  water 
which  will  abandon  them.  So  you  may  like  wife 
obtain  the  relative  quantities  of  fire  contained  by 
the  various  fubftances  heated  to  the  fame  thermo- 
metric  degree,  if  you  cool  them  to  the  fame  de- 
gree in  an  apparatus  proper  to  receive  and  meafure 
feparately  the  quantity  of  fire  which  abandons 
them  during  their  refrigeration : this  may  be  ef- 
fected either  by  means  of  mixture,  or  by  the  ap- 
paratus contrived  by  Meffrs.  Lavoifier  and  De  La 
Place.  This  reafoning,  as  well  as  the  experiments 
on  which  it  is  founded,  are  clear  proofs  of  the  ma- 
teriality of  fire. 

Fire,  confidered  in  this  point  of  viewq  as  ac- 
cumulating in  a greater  or  lefs  quantity  in  fub- 
ftances of  different  natures,  but  of  equal  maffes, 
and  in  which  it  acquires  the  fame  expanfive  force, 
is  often  termed  Jpecijic  heat:  it  is  the  relation  ot 
the  quantities  of  fire  neceffary  to  raife  different 
fubftances  of  equal  maffes  to  the  fame  tempera- 
ture. 
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To  dij cover  the  quantity  of  fire  contained  in 
bodies,  Melfrs.  Lavoifier  and  De  La  Place  invented 
a fimple,  but  admirable  inftrument,  to  which  the/ 
have  given  the  name  of  calorimeter , or  apparatus 
for  meafuring  the  relative  quantities  of  fire  con- 
tained in  bodies ; it  is  founded  upon  the  following 
principles,  i.  That  if  an/  body  be  cooled  to  the 
freezing  point,  and  then  expofed  to  an  atmofphere 
of  88.25,  it  will  be  heated  gradually  from  the  fur- 
face  inwards,  till  at  laft  it  acquires  the  fame  tem- 
perature with  the  furrounding  air;  2.  That  if  a 
piece  of  ice  be  placed  in  the  fame  fi tuation,  the 
circumftances  are  quite  different;  it  does  not  ap- 
proach in  the  fmalteff  degree  towards  the  tempe- 
rature of  the  circumambient  air,  but  remains  con- 
ifantly  at  320  (or  the  temperature  of  melting  ice) 
till  the  laft  portion  of  ice  be  completely  melted  : 
in  other  words,  That  ice  ahforhs  all  the  fire  commu- 
nicated to  it , without  communicating  it  to  other 
bodies , until  the  whole  he  melted ; and  confequentl/ 
that  we  may  calculate  the  degrees  of  heat  commu- 
nicated by  the  quantity  of  ice  which  is  melted. 

This  phenomenon  is  thus  explained:  To  melt 
ice,  or  reduce  it  into  water,  it  mufl  be  combined 
with  a certain  portion  of  lire  : the  whole  quantity 
lirft  communicated,  is  fixed  at  the  furface  of  the 
external  layer  of  ice  ; this  it  diffolves,  combining 
with  it  to  form  water  ; the  next  quantity  combines 
with  the  fecond  layer,  and  forms  it  into  water; 
and  fo  on  fuccefiively,  till  the  whole  ice  is  diffolved 
and  converted  into  water  by  being  combined  with 
lire;  the  laft  atom  {till  remaining  at  it’s  former 
temperature,  becaufe  the  fire  never  penetrates  fo 
tar,  as  long  as  any  intermediate  ice  remains  to  be 
melted. 

Upon  thefe  principles,  if  you  imagine  a hol- 
low fphere  of  ice  at  32 °,  placed  in  an  atmofphere 
54  and  containing  a iubftance  at  any  de- 
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gree  of  temperature  above  freezing,  it  will  follow, 

1 . That  the  heat  of  the  external  atmofphere  can- 
not.penetrate  into  the  internal  cavity  of  the  fphere 
of  ice  : 2.  That  the  heat  of  the  fubftance  placed, 
cannot  penetrate  outwards  beyond  it,  but  will  be 
flopped  at  the  internal  furface,  and  continually 
employed  in  melting  fuccefhve  layers  of  ice,  until 
it’s  temperature  is  reduced  to  3 2°,  by  having  all 
the  heat  above  that  temperature  carried  off  by  the 
ice  : 3.  If  the  quantity  of  water  within  the  fphere 
of  ice  during  the  experiment  be  carefully  col- 
luded, the  weight  of  the  water  will  be  exactly 
proportional  to  the  quantity  of  fire  loft  by  the  body 
in  palling  from  it’s  original  temperature  to  that  of 
melting  ice  ; it  being  evident  that  a double  quan- 
tity of  fire  would  have  melted  a double  quantity  of 
ice;  and  that  the  quantity  of  ice  melted  is  an 
exact  meafure  of  the  quantity  of  fire  employed  to 
produce  the  efted ; and  of  the  quantity  loft  by  the 
only  fubftance  from  which  it  could  be  obtained. 
The  foregoing  fuppofition  is  only  made  to  explain 
more  readily  the  nature  of  the  experiments  and 
apparatus  ufed  by  M.  De  La  Place : an  apparatus 
fo  contrived,  1 . That  the  ice  abforbs  all  the  fire 
difengaged  from  the  bodies  under  examination : 

2.  That  the  ice  is  fecured  from  the  adion  of  every 
other  fubftance  which  might  facilitate  it’s  fufion : 
and,  3dly,  To  colled  with  care  the  water  produced 
by  the  fufion. 

The  apparatus  conftfts,  as  you  fee,  of  three 
circular  veilels,  nearly  infcrioed  in  each  otner, 
(fig,  12  and  13,  pi.  4,)  fo  that  three  vacancies  are 
produced.  The  interior  fpace  or  vacancy  is  formed 
by  an  iron  grating  upon  fupports  ot  the  fame  me- 
tal ; here  it  is  that  the  bodies  fubjeded  to  experi- 
ment are  placed.  1 he  top  of  this  cavity  is  clofed 
by  means  of  a cover : the  middle  fpace  next  to  this 
is  defigned  to  contain  the  ice  which  furrounds  the 
r interior 
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interior  copartment  : this  ice  is  fupported  and  re- 
tained by  a grate,  upon  which  a doth  is  fpread; 
in  proportion  as  the  ice  melts,  water  flows  through 
the  grate  and  the  cloth,  and  is  collected  in  a veftcl 
placed  underneath.  Laftly,  the  external  place  or 
copartment  of  the  apparatus  contains  ice,  intended 
to  prevent  the  effect  of  the  external  heat  of  the 
atmofphere. 

To  ufe  this  machine  the  middle  or  fecond 
fpace  is  filled  with  pounded  ice,  as  is  alfo  the  cover 
of  the  internal  fphere ; the  fame  thing  is  done  w ith 
regard  to  the  external  fpace,  as  well  as  to  the  ge- 
neral cover  of  the  whole  machine  : the  interior 
ice  is  buffered  to  drain ; and  when  it  ceafes  to  af- 
ford w ater,  the  covering  of  the  internal  fpace  is 
raifed  to  introduce  the  body,  upon  which  the  ex- 
periment is  intended  to  be  made  : the  covering  is 
to  be  put  on  immediately,  and  the  whole  apparatus 
remains  untouched  until  the  included  body  has  ac- 
quired the  temperature  of  32,  or  the  freezing  tem- 
perature of  water,  which  is  the  common  tempera- 
ture of  the  internal  capacity  : the  quantity  of 
melted  water  afforded  by  the  melting  ice  is  then 
weighed ; and  this  may  be  confidered  as  an  accu- 
rate meafure  of  the  heat  difengaged  from  the  body, 
becaufe  the  fufion  of  the  ice  is  the  effect  of  this 
heat  only.  Experiments  of  this  kind  laft  15,  18, 
or  20  hours. 

It  is  of  great  confequence,  that  in  this  ma- 
chine there  fhould  be  no  communication  between 
the  middle,  or  fecond,  and  the  external  fpace. 

The  air  of  the  room  fhould  not  be  lower  than 
32,  becaufe  the  ice  would  then  receive  a degree  of 
cold  low  er  than  that  temperature. 

As  fpecilic  heat  is  the  quantity  neceffary  to 
raife  bodies  to  the  fame  number  of  degrees  of 
temperature;  when  the  fpecific  heat  of  a folid 
body  is  required,  it’s  temperature  mult  be  elevated 

a certain 
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a certain  number  of  degrees ; at  which  inftant  it 
thu ft  be  placed  in  the  internal  fphcre,  and  there 
left  until  it’s  temperature  is  reduced  to  3 2°  : the 
water  is  then  collected,  and  this  quantity  divided 
by  the  product  of  the  mafs  of  the  body ; and  the 
number  of  degrees  of  it’s  original  temperature 
above  32",  will  be  proportional  to  it’s  fpecific 
heat. 

Fluids  are  inclofed  in  veffels  whofe  heat  has 
been  previoufly  determined.  The  operation  is  the 
fame  as  for  folids ; excepting  that  the  quantity  of 
water  afforded,  muft  be  diminifhed  by  a deduction 
of  that  quantity  which  has  been  melted  by  the  heat 
of  the  veffel. 

To  determine  the  heat  difengaged  during  the 
combination  of  different  fubftances,  they,  as  well 
as  their  containing  veffels,  muft  all  be  reduced  to 
32  ; and  then  placed  in  the  internal  fphere,  and 
the  quantity  of  water  collected  is  the  meafure  of 
the  difengaged  heat. 

To  determine  the  heat  of  combuftion  and  ref- 
piration,  as  the  renewal  of  air  is  indifpenftble  in 
thefe  two  operations,  it  is  neceffary  to  eftablifh  a 
communication  between  the  internal  part  of  the 
fphere,  and  the  furrounding  atmofphere : to  pre- 
vent error,  thefe  experiments  fhould  be  made  when 
the  temperature  of  the  air  differs  very  little  from 
the  freezing  point. 

For  gaffes,  a current  muft  be  eftablifhed 
through  the  internal  part  of  the  fphere,  and  two 
thermometers  are  to  be  ufed ; one  at  the  place  of 
introduction,  and  the  other  at  the  place  of  efcape  : 
by  a comparifon  of  the  temperatures  exhibited  by 
thefe  two  inftruments,  a judgment  is  formed  of  the 
heat  abforbed,  and  the  melted  ice  is  meafured. 
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Methods  of  measuring  great  Degrees  of 

Heat. 

As  the  degrees  of  heat  can  only  be  appre- 
ciated by  it’s  eflfeds ; and  as  fluid  thermometers 
can  only  be  ufed  in  temperatures  below  their  point 
of  boiling,  various  inftruments  have  been  contrived 
to  eftimate  the  effects  of  heat ; fome  of  thefe  have 
been  already  deferibed  : I fhall  now  give  you  an 
account  of  one  contrived  by  Mr.  Wedgewood,  for 
afeertaining  themeafure  of  the  more  intenfe  degrees 
of  heat. 

The  fubflance  he  ufes  for  this  purpofe,  conflfls 
of  three  parts  of  argillaceous  earth  added  to  two 
parts  of  the  flliceous  kind,  which  are  well  wafhed, 
ike.  and  then  dried:  this  dry  clay  is  foftened  by 
adding  two-fifths  of  it’s  weight  of  water  ; and  is 
formed  into  pieces  by  comprefflng  it  through  holes 
of  proper  dimenfions,  in  the  bottom  of  a veflel ; 
and  when  dry  thefe  pieces  are  expofed  to  the  fire, 
and  (hew  it’s  intenflty  by  the  contradion  of  their 
dimenfions,  which  are  afeertained  by  a gage  made 
of  two  llrait  pieces  of  brafs  24  inches  long,  di- 
vided into  inches  and  tenths : they  are  fixed  on  a 
brafs  plate,  fo  as  to  be  fix-tenths  of  an  inch  afun- 
der  at  one  end,  and  three-tenths  at  the  other;  fo 
that  one  end  of  the  pieces,  when  properly  lized, 
juft  fills  the  wider  end  : if  this  piece  be  diminifhed 
by  heat  one-fifth  of  it’s  bulk,  it  will  pafs  through 
one-half  the  length  of  the  gage  ; if  diminifhed 
two-thirds,  it  will  pafs  on  to  the  narrower  end  ; 
and  in  any  intermediate  contradion,  the  degree  at 
which  the  piece  flops  againft  the  converging  fides 
will  meafure  it’s  contradion  ; each  diviflon  of  the 
fcale  anfwering  to  TFoth  part  of  the  breadth  of  the 
jjiece  of  clay. 
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Experiments  by  this  Thermometer . 

Degrees. 

156  Common  Chincfe  porcelain  becomes  fofr. 

150  A Heffian  crucible  melted  into  a flag-like 
fubftance. 

130  Caft-iron  melts. 

125  Heat  of  a common  fmith’s  forge. 

124  Vitrification  of  plate-glafs. 

1 14  Ditto  of  flint-glafs. 

12 1 Bow  china,  ^ 

1 12  Derby  china,  Vvitrified. 

105  Chelfea  china,  J 
102  Stone-ware,  fixed. 

95  Welding  heat  of  iron. 

86  Queen’s  ware,  fixed. 

32  Gold, 


2 1 Brafs, 

o Red  heat  vifible  in  the  day. 

Dr.  Martine,  to  obferve  the  quicknefs  wish 
which  bodies  heat  and  cool,  put  an  equal  quantity 
of  mercury  and  water  into  two  diftind:  phials 
clofely  flopped;  and  found,  upon  putting  them 
into  boiling  water,  that  the  mercury  received  heat 
much  fooner  than  the  water,  and  in  greater  quan- 
tity, and  loft  it  much  fooner,  notwithftanding  it’s 
denflty  ; hence  the  temperature  of  mercury  is  more 
eafily  raifed  than  that  of  water.  To  know  the 
equilibrium  of  heat  among  various  fubftances,  ex- 
periments muft  be  made  upon  them  ; as  it  varies 
irregularly,  and  feveral  of  the  metals  require  Iefs 
fire  to  heat  them  than  water : thus  the  fame  fire 
heats  lead  twice  as  much  as  water ; or  lead  lofes 
and  gains  as  5 to  2 ; thus  heat  water  and  lead  to  the 
fame  point,  and  then  two  cubic  inches  of  water 
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27  Swedifh 
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will  produce  as  much  heat  in  cold  water,  as  5 cu- 
bic inches  of  heated  lead  would  do  in  the  fame 
quantity  of  water.  Tin  and  glafs  require  half  the 
quantity,  or  as  4 to  2 : iron  requires  the  fame 
quantity  as  water  ; copper  fomewhat  more  : hence 
the  intenfe  heat  of  iron  and  copper  when  red-hot. 
On  thefe  principles  Dr.  Black  had  a method  of 
eftimating  high  degrees  of  heat : for  having  found 
that  iron  and  water  were  heated  equally  by  the 
fame  degree  of  heat,  he  took  a piece  of  red-hot 
iron  of  a determinate  fize,  and  plunged  it  into  100 
times  it’s  bulk  of  water ; and  when  the  whole  of 
the  heat  which  was  concentrated  in  the  iron,  wras 
diffufed  through  the  water,  he  meafured  the  heat 
ot  the  water  by  a thermometer  : this  multiplied 
by  100,  gave  the  heat  of  the  iron  when  red-hot. 

Sir  Ifaac  Newton  thought  that  the  progreftion 
with  which  heat  is  communicated  or  loft,  is 
geometrical  ; Dr.  Martine,  that  it  is  a compound 
of  geometrical  and  arithmetical  progreftion.  Dr. 
Black  thinks  the  method  of  making  experiments 
to  inveftigate  this  progreftion,  ftiould  be  by  ftreams 
ot  air  and  water  palling  off  continually  : thus  the 
cooling  caufe  would  keep  a conftant  equal  pro- 
greftion ; but  if  the  cooling  medium  of  air  or  wa- 
ter be  ftagnant,  the  cafe  is  quite  changed  : on  this 
principle  depend  the  phenomena  of  air,  which  in 
Bill  calm  weather  feems  warmer  than  in  windy 
weather,  though  by  the  thermometer  we  find  it  the 
fame:  in  calm  weather  our  bodies  make  a kind  of 
atmofphere  of  their  own,  which  is  warmer  than  the 
furrounding  atmofphere.  Air,  when  agitated,  is  not 
thereby  made  cooler ; yet  if  you  blow  with  a bellow  s 
on  apiece  of  ice,  it  will  melt  fooner  than  when  not 
blown  upon,  becaufe  you  blow  aw7ay  a fmall  por- 
tion of  air  which  the  ice  had  cooled  round  it. 

As  the  methods  of  making  experiments  on 
high  degrees  of  heat  are  of  the  utmoft  importance, 
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I (hall  now  lay  before  you  the  means  ufed  by  the  Rev. 
Mr.  Jones  for  this  purpofe.  His  firft  attempt  was* 
with  the  inftrument  we  ufed  to  exemplify  the  force 
of  fire.  To  reduce  it’s  motion  to  the  ordinary  fcale 
of  Fahrenheit,  this  bar  [jig.  3,  E,  pi.  5,)  was  inclu- 
ded in  a brafs  box,  and  was  heated,  together  with  a 
mercurial  thermometer,  by  the  application  of  boiling 
water ; and  when  it  appeared,  by  the  index,  that 
the  bar  had  acquired  as  much  heat  as  the  water 
would  communicate,  the  heat  of  the  water  was 
marked  by  the  thermometer.  By  this  means,  he 
difcovered  what  number  of  degrees  in  the  gradua- 
ted arch,  anfwered  to  a certain  number  of  degrees 
on  Fahrenheit’s  fcale  ; as  the  motion  of  the  index 
was  not  equable  in  all  parts  of  the  arch,  he  afeer- 
tained  it’s  irregularities  by  the  micrometer  ferew 
and  plate. 

Two  fubftantial  iron  heaters  were  made  red- 
hot,  and  then  applied  in  turn  to  the  bar  under  ex- 
amination ; and  thus  the  degrees  ol  heat,  at  which 
the  feveral  colours  appear  on  the  polifhed  furfaces 
of  brafs  and  iron  bars,  were  readily  obtained.  The 
foregoing  method  not  carrying  Mr.  Jones  fo  far  as 
he  w idled  to  go,  he  then  adopted  another  mode, 
founded  upon  this  principle.  That  denfe  fluids 
acquire  heat  fooner  than  rare  ones ; water  heats 
mercury  more  and  quicker  than  mercury  heats 
water,  * To  render  this  evident,  let  us  immerge 
thefe  two  thermometers,  one  made  with  fpifits, 
the  other  with  mercury  : you  fee  how  fluggifli  the 
fpirits  moved,  and  how  foon  the  mercury  acquired 
it’s  greateft  degree  of  expanlion  : you  may  render 
this  (till  more  evident  by  plunging  an  heated  iron 
into  an  open  veffel  oi  mercury  : if  you  agitate  the 
heated  iron  fuddenly  under  the  mercury,  all  the 
heat  it  is  capable  ol  receiving  is  communicated 
almoft  inftantaneoufly. 
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Mr.  Jones  fuppofes  that  the  heats  communicated 
to  a given  quantity  of  mercury  by  an  immerfion  of 
the  lame  iron  differently  heated,  will  be  to  each 
other  as  the  original  heats  in  the  iron  itfelf.  To  ob- 
tain a datum,  he  firft  plunges  a piece  of  iron,  with 
a known  degree  of  heat,  into  a given  quantity  of 
mercury,  and  obferves  the  degree  of  heat  commu- 
nicated. Let  us  fuppofe,  fays  he,  the  quantity  of 
mercury  in  an  iron  veffel  to  be  2 pounds,  the 
heated  iron  a cylinder  weighing  274  grains : this 
cylinder  having  the  heat  of  boiling  water  21 2° 
plunged  into  the  mercury  with  a temperature  of 
5 2°,  will  communicate  to  it  10  degrees  of  heat, 
which  is  TV  of  that  excefs  it  had  acquired  : we  fay, 
then,  that  let  the  excefs  of  heat  in  iron  be  what  it 
will,  the  heat  communicated  to  the  mercury  will 
always  be  TV  of  that  excefs  ; fo  that  if  we  put  t for 
the  natural  temperature  of  the  mercury,  h for  the 
communicated  heat,  and  x for  the  heat  required,  it 
will  be  t X 1 6 h = x.  This  method  was  fo  eafy, 
that  Mr.  Jones  preferred  it  to  the  former ; with 
which,  however,  to  his  great  fatisfadion,  it  agreed 
as  far  as  it  extended.  In  determining  the  degrees 
this  way,  it  was  always  taken  for  granted  that  the 
heated  iron  parts  with  all  it’s  excefs  of  heat  to  the 
mercury,  and  that  the  diftribution  is  fo  nearly  in- 
ffantaneous,  that  it  may  be  taken  for  fuch  without 
any  material  error.  Some  little  time  will  inevita- 
bly be  loft,  and  therefore  the  heats  obtained  by  this 
method  of  mercurial  immerfiony  efpecially  the  greater 
heat  near  the  extremity  of  the  fcale,  will  always  be 
rather  under  than  over-rated. 
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A Scale  of  Heat. 

Fahrenheit’s  Degrees. 

Iron  in  fufion  about  3000 

Iron  with  the  white  fparkling  heat  of  a 

fmith’s  forge  2780 

Iron  with  a heat  almoft  white  2080 

The  heat  of  live  coals  without  blowing, 

perhaps  about  1650 

Iron  with  a glowing  red  by  day-light  1600 

Iron  juft  red-hot  by  day-light  — — 1120 

Iron  juft  red-hot  in  the  dark  1000 

Greateft  heat  of  lead  in  fufion  820 

Colours  of  iron  are  burned  off  800 

Mercury  boils,  by  fome  placed  at  600 ; by  Jones  700 

Polifhed  iron  takes  a full  blue  700 

Polifhed  iron  takes  a purple  660 

Linfeed  oil  boils,  by  fome  at  600  620 

Lead  melts  610 

Polifhed  iron  takes  a ftraw  colour  605 

Oil  of  vitriol  boils  546 

Brafs  takes  a blue  colour  500 

Tin  melts  490 

Tin-foil  and  bifmuth  450 

Brafs  takes  a copper  colour  415 

Polifhed  brafs  takes  a gold  colour  — 340 

Spirit  of  nitre  boils  — 242 

Water  boils  at  a mean  ftate  of  the  atmofphere  212 

Frelh  human  urine  boils  ' ' 206 

Brandy  boils  190 

Alcohol  boils  * 176 

One  pound  of  water  of  520,  to{  a pound  ol 

frefh  chalk  lime  182 

1 oz.  of  water  of  54°,  to  | oz.  of  oil  of  vitriol  170 
Serum  of  blood  and  white  of  eggs  harden  156 

Bees  v/ax  melts  ■ — 14 5 

Greateft  heat  of  a bath  which  the  hand  can 

\Vell  bear  114 

Heat 
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Fahrenheit’s  Degrees. 
Heat  of  the  Serocco  wind  at  Palermo  in  Sicily  1 1 2 
Heat  of  an  hen  hatching  eggs,  from  92  to  108 
Heat  of  the  fkin  in  ducks,  geefe,  hens,  pid- 

geons,  103  to  107 

Heat  of  the  human  fkin  in  an  ague  fever  106 
Heat  of  the  fkin  in  dogs,  cats,  Iheep,  and 
other  quadrupeds,  100  to  — 

Heat  of  the  human  Ikin  in  health  — 

Heat  of  a hive  of  bees  


103 

98 

97 


Heat  of  the  air  in  the  fhadc  in  very  hot  weather  80 
Butter  begins  to  melt  — 74 

Temperate  — 

Oil  of  olives  begins  to  ftiffen  

Water  juft  freezing,  or  ice  juft  melting  — 

Milk  freezes  


Urine  and  common  vinegar  freeze  

Good  burgundy,  claret,  and  madeira  freeze 
One  part  ot  fpirit  of  wine,  with  3 of  brandy, 

freezes  " 

A mixture  of  fnow  and  ialt  

Mercury  freezes  


55 
43 
32 
30 
28 
20 

7 
o 

39 

With  refpeeft  to  the  formation  of  this  table, 
fee  Jones’s  Phyftological  Difquifttions  ; where  you 
may  alfo  find  a method  of  examining  the  fcale  by 
comparing  the  articles  one  with  another.  * 

In  the  foregoing  fcale  the  heat  of  boiling  wa- 
ter in  vacuo  is  placed  at  95°;  this  however  will 
depend  on  the  perfection  of  the  vacuum  and  other 
circumftances.  In  the  Rev.  Mr.  Jones’s  experi- 
ments, a heater  was  placed  on  the  plate  of  the  air- 
pump,  and  on  this  a light  tin  vellel  holding  the 

S 4 water 

• Mr  Wedgewood  places  Tome  of  thefc  degrees  much  higher, 

I rfr  a5un0trfl!sWwilh  the  clay  thermometer, 
^ thlnk  thcrcmuftbe  further  and  more  fatTsfaftory  evidence 
vdduced,  be/ore  any  one  pan  agree  wijh  the  degrees  of  heat  de- 
duced from  it,  * 
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water  and  a thermometer.  The  ebullition  in  one 
experiment  began  to  appear  at  90  degrees,  and  as 
the  boiling  increafed,  the  thermometer  role  to  105 
degrees,  where  it  flood  when  the  agitation  was 
moll  violent ; the  air  was  admitted  during  this  agi- 
tation, and  the  thermometer  immediately  rofe  1 5 
degrees.  In  another  experiment,  fome  water  heated 
to  130  degrees  was  placed  on  the  heater,  and  this 
being  covered  with  a receiver,  the  air  was  ex- 
haufted,  on  which  the  w'ater  boiled  vehemently,  but 
during  the  adt  of  boiling,  the  heatfubfided  to  100, 
and  at  another  to  94  degrees,  but  on  admiffion  of 
the  air,  the  heat  prefently  rofe  to  130  degrees  and 
upwards. 

Thefe  experiments  prove,  what  has  been  al- 
ready obferved  to  you,  how  much  the  aft  ion  of  fire 
depends  on  the  reaction  or  prejfion  of  the  incumbent 
air.  When  the  air  is  withdrawn,  the  fire  naturally 
afeending,  flows  through  the  liquor  in  the  veil'd,  as 
air  would  through  a tube  open  at  both  ends.  But 
if  the  farther  end  of  this  tube  wTere  clofed,  and  the 
current  of  air  ftill  to  continue,  it  would  be  con- 
denfed  or  accumulated  within  the  cavity  of  the 
tube.  Hence  we  may  colled,  that  the  fun  would 
heat  the  earth  very  inconflderably,  if  it  were  not 
for  the  incumbent  preffure  on  it’s  furrace,  and  that 
therefore  it  is  impoltible  to  calculate  what  the 
heat  w ill  be  in  bodies  placed  at  different  diflances 
from  the  folar  fire,  unlefs  we  could  tell  how  far  air 
acted  upon  them  at  the  fame  time. 

The  higher  we  afeend,  the  lcls  is  the  degree  of 
heat,  the  atmofphere  is  lefs  fufceptible  of  heat  as 
it  is  more  rarified  ; as  the  intenlity  of  fire  will  na- 
turally produce  the  greatefl  heats,  the  lower  pairs 
of  the  atmofphere  ought  to  be  hotter  tnan  the 
higher,  where  fire  is  lefs  prefled,  and  has  more 
room  to  dilate  itfelf. 

It  will  be  neceffary,  before  wc  proceed  any 

farther. 
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farther,  to  make  fomc  obfervations  on  phyfical  me  a - 
fares.  Moft  of  our  philofophical  inftruments  are 
meafures  of  effeds.  The  progrefs  made  in  natu- 
ral philofophv  incrcafes  every  day  by  the  number 
of  thefe  meafures  ; by  thefe  it  has  reached  it’s 
prefent  ftate,  and  by  thefe  it  ftill  continues  to  be 
improved.  In  proportion  as  the  different  branches 
advance,  our  meters  are  multiplied.  Inftead  of  be- 
ing fatisfied  with  perceiving,  with  conjeduring, 
with  forming  fyftems,  upon  what  is  improperly 
called  the  poifible,  but  which  is  in  reality  the  land 
of  vifions  ; we  now  endeavour  to  inveftigate  caufes 
through  their  effeds,  by  meafu ring  thefe  wherever 
nature  gives  us  fufficient  hold. 

The  firft  rays  of  this  light,  the  dawn  of  true 
knowledge  in  philofophv,  were  extremely  weak. 
Philofophers  contented  themfelves  with  having  in- 
ftruments which  indicated  the  exiftence  of  certain 
caufes  that  our  organs  could  either  not  difcovery  or 
difeovered  very  imperfeftly.  Hence  the  modelt 
names  given  to  inftruments  by  their  firft  inventors, 
they  called  only  barolcopes,  thermofeopes,  micro- 
fcopes,  the  inftruments  which  were  intended  to 
fhew  the  weight  of  the  air,  the  dilatation  of  bo- 
dies by  heat,  the  objeds  which  efcaped  the  naked 
eye. 

Thefe  names  were  too  foon  changed,  and  that 
of  meafures  given  to  inftruments  that  Were  not  en- 
titled to  the  name.  Philofophers  grow  every  day 
more  delicate  with  refped  to  the  requifite  quali- 
ties of  their  inftruments  ; the  progrefs  in  perfeding 
thefe  meafures,  is  an  effedual  ftep  towards  the 
knowledge  of  nature.  The  improvements  in  the 
meafures,  not  only  lead  us  to  a better  knowledge 
of  the  immediate  caufes  of  the  effeds  thus  mea- 
sured, but  they  affift  us  alfo  in  decompofing  com- 
plex effeds. 

Indeed  the  greater  part  of  phyfical  inftruments 

arc 
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are  intended  only  for  the  difcovery  of  fimultaneous 
efledts,  by  the  knowledge  of  thofe  which  are  moil 
evident.  If  we  wifh  for  an  hygrometer,  an  elec- 
trometer, a photometer,  it  is  not  fo  much  with  a 
view  of  afcertaining  by  their  means,  the  abfolute 
or  even  relative  quantities  of  moifture,  of  the  elec- 
tric fluid,  or  of  light,  as  to  connect  the  perceptible 
effects  of  moifture,  ele&ricity,  &c.  on  our  meafures, 
with  other  lefs  evident  effedls  intimately  connected 
with,  or  dependent  on  them. 

The  general  problem  of  phyfical  meafures  is 
complicated.  The  firft  objedt  of  thefe  meafures  is 
to  afcertain  the  exijlence  and  agency  of  a fimple 
caufe,  and  it’s  degrees  of  intenfity ; this  we  can 
only  arrive  at  by  it’s  action  on  other  bodies,  but  in 
this  action  or  effedt  many  other  caufesare  included. 
IVe  cannot  ob ferae  fimple  effects  ; and  confequently 
we  cannot  always  conclude  from  Jenfible  effects 
which  are  equal  amongft  themfclves,  that  the  de- 
grees are  equal  in  the  caufe  to  which  they  are  at- 
tributed. What  for  example  do  we  ufe  in  general 
as  meafures  of  heat  ? The  dilatations  of  various  fub- 
ftances.  What  are  the  meafures  by  which  we  de- 
termine the  weight  of  air?  The  height  of  the  mer- 
cury in  the  barometer.  But  the  dilatation  of  bodies 
by  heat,  depends  upon  the  nature  of  the  fubftance, 
it’s  denlity,  it’s  cohcfion,  the  laws  of  it’s  progref- 
iion  by  equal  augmentations  of  heat,  &c.  The  ef- 
fedls of  the  weight  of  the  air  upon  the  mercury  in 
the  barometer,  are  modified  by  the  different  de- 
grees of  heat  in  this  fluid,  by  the  nature  of  the  va- 
cuum in  which  it  is  fufpended,  by  the  attradlion, 
by  the  friction,  perhaps  by  the  permeability*  of  glafs, 
tpfome  particles  of  that  mixed  fluid,  to  which  we 
wive  the  general  name  of  air,  or  to  other  un-r 
* P know!} 


* Mr.  De  Luc,  Phil,  Trank 


Nature  and  Properties  of  Fire.  267 

known  caufes  : fo  difficult  and  complex  is  even  the 
fir  ft  ftep  of  the  ladder  by  which  we  endeavour  to 
raife  ourfelves  to  the  knowledge  of  caufes. 

Of  Fluidity,  &c.  as  explained  by  Latent  Heat. 

I have  already  obferved  to  you,  that  all  the 
fubftances  in  nature  are  either  /olid,  fluid,  or  in  the 
form  of  expanlible  fluids:  that  thefe  different  forms 
depend  principally  on  the  ftate  or  combination  of 
fire  in  them,  has,  I think,  been  fufficiently  proved 
by  reafon  and  experiment ; but  it  will  be  rendered 
ftill  clearer,  by  a view  of  modern  difeoveries,  which 
I fhall  now  lay  before  you. 

Fluidity  is  an  effedt  of  fire,  and  takes  place 
when  the  heat  is  carried  to  a certain  height;  and  as 
bodies  become  fluid  by  the  application  of  fire,  fo 
fluids  preferve  their  fluidity,  by  the  fire  they  con- 
tain. 

In  fluidity,  there  is  a confiderable  quantity  of 
difperfive,  or  expanfive  matter  introduced  into  the 
body,  while  the  volume  is  not  thereby  increafed. 
This  introduced  matter  acts  in  another  manner,  fo 
as  to  oppofe  the  agency  which  caufes  folidity,  or 
refift  the  particular  attachment  of  the  parts. 

Liquifaftion  is  a loofening  the  parts  of  bodies 
by  a certain  degree  of  heat,  which  parts  are  fixed 
and  folid  with  a lefs  degree.  It  is  efte<fted  by  in- 
troducing fire  between  the  particles,  which  Sepa- 
rates them  from  each  other,  and  by  it’s  activity 
gives  them  a free  motion  among  themfelves. 

Fire  is  refident  and  active  in  all  bodies,  and  at 
all  times  ; but  in  order  to  render  them  liquid,  it  muft 
a£t  with  greater  or  lefs  force,  according  to  the  na- 
ture of  the  fubftancc.  We  fay  of  bodies  naturally 
hard,  when  they  become  fluid,  that  they  are  melted  ; 
and  of  bodies  naturally  fluid,  when  they  become  fo- 
lid, that  they  are  congealed , or  frozen  ; the  effects 
2 are 
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are  flmilar  in  each  cafe,  and  you  will  bejuftified  by 
philofophy  in  confidering  all  water  as  melted  ice, 
and  a pig  of  lead  as  a rnafs  of  congealed  metal.  The 
fluidity  of  water  is  as  real  a fufion,  as  that  of  any 
metals  expofed  to  the  fire,  differing  only  in  this, 
that  a greater  quantity  is  necclfary  for  one  than  the 
other. 

Lijquifaption  is  a phenomenon,  however,  en- 
tirely diffindt  from  the  expanfion  or  dilatation  of  a 
fluid  already  formed.  This  laft  c ire ymilance  only 
occafions  a greater  or  lefs  degree  of  tendency  in 
the  particles  towards  each  other,  and  varies  with 
every  variation  in  the  degrees  of  heat.  Liquifac- 
tioih  is  occafioncd  by  a certain  fixed  degree.  Li- 
quifadlion  is  a real  change  of  fiat  c in  the  fubffance, 
the  degrees  of  expanfion  are  only  modifications  of 
the  Tame  hate.  In  expanfion,  there  is  a regular  in- 
creafeor  decreafe  of  bulk  according  to  the  degrees 
of  heat  ; whereas,  in  fluidity,  the  tranfition  from  a 
folid  to  a fluid,  or  vice  verfa,  is  fudden;  and  above 
or  below  a certain  degree  of  heat,  a body  always  re- 
mains folid  or  fluid. 

As  nature  is  now  conflituted,  natural  bodies, 
and  theirminuteftparts,  may  be  confidered  as  floating 
in  an  ocean  of  what  the  poet  calls  indefatigable  fire  ; 
an  element  w hich  is  moved  with  the  fame  vigour 
now  as  5000  years  ago  ; and  the  bodies  fuhained 
therein  are  hard  or  fifty  folia  or  fluid , lax  or  firmy 
rare  or  denfe , expanded  or  contracted , according  to 
the  changes  in  the  temperature  of  this  element, 
which  keeps  up  a conftant  fyflole  and  diaflole, 
through  the  w hole  frame  of  nature.  If  this  motion 
of  fire  were  toceafe,  univerfal  rigidity  and  ftagna- 
tion  would  enfue  ; all  the  qualities  ot  the  ancient 
fchools,  all  the  attractions  and  repulfions  of  later 
philofophers,  would  be  buried  in  one  common 
grave,  and  fixed  with  an  impenatrable  feal. 
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Of  Latent  Heat. 

It  is  impoiTible  thoroughly  to  underBand  the 
metamorphoiis  of  folids  into  liquids,  and  of  liquids 
into  aeriform  fluids,  without  a knowledge  of  the 
dodtrine  of  latent  heat.  Here  you  will  learn  that  the 
fame  fubftance,  according  as  it  happens  to  be  in 
any  of  thefe  Bates,  not  only  polfelfes  a different 
fpecific  heat,  but  modifies  even  in  the  abl  of  paf- 
fing  from  one  to  the  other,  the  matter  of  fire  in  a 
very  particular  manner. 

To  Dr.  Black , the  father  of  modern  chemi- 
Bry,  we  are  indebted  for  this  difeovery,  which  I 
lhall  firB  explain  in  a Ample  form,  and  then  further 
illuflratc  it  by  the  reafoningand  experiments  which 
are  attributed  to  Dr.  Black. 

Let  us  fuppofe  a piece  of  ice  cooled  until  a 
thermometer  placed  therein  Bands  at  20p  below 
the  freezing  point,  expofe  this  ice  to  a conftant 
emanation  of  fire,  arriving  by  very  equal  degrees, 
the  thermometer  will  rife  Very  uniformly  till  it 
comes  to  the  freezing  point,  and  will  there  Bop,  al- 
though the  igneous  emanation  continues  the  fame, 
and  ought  apparently  to  continue  railing  the  tem- 
perature. 

This  current  of  fire,  which  arrives  unceaf- 
ingly  and  by  degrees  at  the  ice,  has  no  longer  any 
fenlible  efi'ect  on  the  thermometer,  for  as  foon  as 
the  thermometer  is  thereby  raifed  to  the  freezing 
point,  the  effeeft  of  the  fire  is  limited,  and  it  only 
exerts  itfelf  in  making  the  ice  change  if’s  Jlatesi  by 
converting  it  into  water  ; and  during  the  whole  of 
this  transformation  the  thermometer  remains  Ba- 
tionary at  32  degrees,  the  freezing  point. 

The  fire  in  this  cafe  lofes,  as  it  were,  it's  fa- 
culty of  heating;  yet  the  quantity  employed,  and 
apparently  loB  in  this  transformation,  is  fo  confider- 

ahle. 
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able,  that  if  the  thermometer  under  the  fame  cir- 
cumrtances,  were  placed  in  a fimilar  quantity  of 
water  inftead  of  ice,  it  would  have  rifen  near  120 
degrees. 

As  foon  as  the  fufion  is  completed,  if  the 
fame  igneous  emanation  continues,  the  thermo- 
meter now  actually  in  water,  will  be  influenced  by 
the  fire  as  it  arrives,  and  will  rife  fucceflively  ; 
though  fomewhat  (lower  than  before,  becaufe  the 
fpecihc  heat  of  water  is  a little  greater  than  that 
of  ice. 

The  thermometer  continues  to  rife  till  it  ar- 
rives at  the  boiling  point,  and  here  again  the  fame 
phenomena  occur.  Notwithftanding  the  conti- 
nuation of  the  igneous  emanation,  the  thermome- 
ter remains  at  212  degrees,  and  the  water  now  changes 
it's  Jlate.  It  is  transformed  into  an  elaftic  fluid, 
and  the  portion  of  fire,  which,  by  it’s  momentary 
union  with  the  water,  effected  it’s  change,  lofes  it’s 
thermomelric  quality  ; and  an  exact  equilibrium  is 
eftablifhed  between  the  afflux  of  additional  fire,  and 
it’s  efflux y by  the  conversion  of  water  into  an  elaf- 
tic vapour. 

The  fire  thus  modified  has  been  called  latent. 
It  is  truly  hidden  or  latent,  but  manifefts  itfelf 
again,  and  it’s  adtion  is  rendered  evident,  if  you 
reverfe  the  changes ; that  is,  if  you  convert  the  ■ 
elaftic  fluid  into  a liquid,  and  the  liquid  into  a 
Tolid. 

Dr.  Black  was  the  firft  who  fhewed  that 
fluidity,  though  depending  upon  fire,  did  not  de- 
pend upon  the  quantity  indicated  by  the  thermo- 
meter, but  upon  the  abforption  and  combination  of 
fire  with  the  fubftance  rendered  fluid;  and  the 
quantity  thus  abforbed,  he  denominated  latent  heat , 
as  being  imperceptible  to  us,  but  ready  to  im- 
merge  on  proper  occafions  and  afiume  a feniible 
form.  B y Jenfible  heal,  he  means  the  fire  which  is 

fo 
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fo  far  in  a fluctuating  Fate,  that  if  you  apply  any 
fubftance  which  contains  an  exccfs  of  it,  to  a cooler 
one,  it  quits  the  hotter,  and  flies  to  the  cooler  fub- 
ftance, lb  as  to  reftore  an  equilibrium.  You  know 
very  well,  that  as  long  as  a body  continues  folid,  if 
the  heat  thereof  be  increafed,  it  is  always  per- 
ceptible by  the  thermometer.  But  if  you  fuppofe 
a body  heated  as  much  as  it  can  bear,  and  Hill  con- 
tinue folid,  then  every  degree  of  lire  thrown  in  af- 
terwards is  abforbed  and  becomes  latent , or  is  put 
into  fuch  a ftate  as  cannot  be  difeovered  by  the 
thermometer,  but  goes  to  make  the  body  fluid,  and 
as  foon  as  a fufficient  quantity  is  abforbed  to  make 
every  part  fluid  it  will  admit  of,  and  manifeft  a 
fenfible  increafe  of  heat.  It  was  alfo  obferved  by 
Dr.  Black,  that  bodies  are  not  difpofed  to  abforb 
this  latent  heat,  until  they  arrive  at  their  melting 
point,  nor  fluids  to  part  with  it  until  cooled  to  a 
certain  degree.  If  after  this,  they  are  placed  ftill 
nearer  cooler  bodies,  this  latent  fire  continues  im- 
merging,  and  the  body  becomes  ftill  more  folid ; 
when  the  whole  is  entirely  extracted,  the  body 
freezes.  Hence  when  the  latent  fire  is  extracted, 
the  body  is  of  the  fame  temperature  with  the  fur- 
rounding medium. 

This  luminous  bodrine  Dr.  Black  fupported 
by  a reference  to  phenomena,  and  by  well  defigned 
experiments.  It  is  confirmed  by  confidering ' the 
flownefs  with  which  ice  and  fnow  melts,  when  a 
thaw  comes  on,  and  when  the  heat  is  far  above  the 
degree  offroft;  for  the  ice  is  conllantly  furrounded 
with  air  warmer  than  itfclf,  and  receiving  heat 
from  it,  yet  it  will  be  weeks  in  diflolving.  °If  no- 
thing more  was  neceflary  to  produce  fluidity  than 
the  fire  indicated  by  the  thermometer,  we  mHht 
reafonably  expect  that  after  it  begins  to  melt,  one 
or  two  days  would  be  fufficient  to  melt  the  whole. 
But,  as  it  is  fo  long  diflolving;  and  it’s  heat  is  not 

increafed 
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increafed  above  the  freezing  point,  nor  the  water 
that  runs  from  it  above  32  or  33  degrees,  it  is 
plain,  that  the  heat  or  fire  to  which  it  is  expofed 
muft  be  abforbed  and  become  latent,  it  is  to  this 
caufe  you  mu  ft  attribute  the  prefervation  of  ice  in 
ice-houfes,  and  that  large  maffes  of  ice  and  fnow 
remain  at  the  tops  of  mountains,  where  heat  is  con- 
fiderably  above  the  freezing  point. 

Dr.  Black’s  experiments  will,  I think,  con- 
vince you,  that  the  fluidity  of  water  mu  ft  be  attri- 
buted to  an  abforption  of  fire.  To  prove  this,  he 
endeavoured  to  determine  the  heat  abforbed  by  icc 
during  it’s  l iqui faction:  this  he  obtained  by  observ- 
ing the  quantity  of  heat  which  was  communicated 
by  a mafs  of  ice  during  it’s  fufion  by  the  tempera- 
ture of  the  air  alone ; and  then  inverfely,  bv  difeo- 
vering  the  quantity  of  heat,  a mafs  of  ice  took  from 
a quantity  of  water,  by  mixing  known  quantities  of 
ice  of  a given  temperature,  and  water  of  a given 
heat  together.  Thus  he  took  two  Florence  flalks  of 
equal  fhape,  lize,  and  weight,  cutting  off  their  necks 
and  part  of  their  bulbs,  that  he  might  be  able  to 
introduce  a thermometer.  In  one  he  put  5 oz.  of 
ice,  in  the  other  the  fame  quantity  of  melted  liiow, 
nearly  of  the  fame  temperature  with  the  ice.  Thofe 
flafks  w ere  fufpended  by  wires  in  the  middle  of  a 
large  room,  to  which  nobody  had  acccfs  but  him- 
felf,  and  whofe  temperature  whs  47  degrees  by  a 
very  fenfible  thermometer,  which  afliimed  the  tempe- 
rature in  half  a minute  ; he  found  thatin  half  anhour 
the  mercury  in  the  latter  had  rifen  6 or  7 degrees, 
only  a fmall  quantity  of  ice  was  melted,  and  though 
it  had  received  near  7 degrees  of  heat,  yet  it.  conti- 
nued at  the  freezing  point.  The  flafks  were  left 
all  night  ; on  returning  in  the  morning,  at  about 
10  hours  and  a half  from  the  commencement  of 
the  experiment,  he  found  a piece  of  ice  undilfolved 
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as  big  as  a nut  in  the  middle  of  the  furrounding 
water,  which,  by  the  thermometer,  was  8 degrees 
above  the  freezing,  point. 

From  this  we  may  calculate  the  degree  of  heat 
the  ice  mud:  have  received  before  it  melted,  (re- 
membering that  the  air  was  at  47  degrees,)  obferv- 
ing  that  the  ice  muft  have  been  receiving  heat 
gradually. 

At  the  end  of  10  hours  and  an  half  the  thawed 
ice  was  juft  at  the  temperature  at  which  the  melted 
fnow  w7as  at, the  end  of  halt  an  hour;  the  melted 
ice  muft  therefore  have  received  7 degrees  every, 
half  hour.  To  that  in  10  hours  and  an  half  it  muft: 
have  received  juft  147  degrees.  That  the  flafk 
was  continually  receiving  lire  from  the  air,  was 
confirmed  by  a cold  ftream  being  perceived  from 
the  bottom  of  the  flafk  ; this  was  the  air  which  had 
been  applied  to  the  flalk,  and  had  imparted  it’s 
fire  to  it,  and,  being  cooler  and  denier,  prepon- 
derated. This.fhews  that  the  ice  was  continually 
receiving  fire,  though  not  fenftbJe  or  rnanifefted 
by  the  thermometer,  and  muft  therefore  be  com- 
bined therewith  and  become  latent  fire. 

The  doeftor  having  before  found  that  a 
mixture  of  hot  and  cold  water  produced  an. 
arithmetical  mean  between  them,  he  took  a 
determinate  quantity  of  ice,  and  put  it  into  a Flo- 
rence flafk,  and  threw  exactly  the  fame  quantity  of 
boiling  water  upon  it,  which  melted  the  ice  in- 
ftantly,  and  all  at  once,  proving  thereby,  that 
there  is  no  difficulty  of  feparat-ing  the  particles  of 
ice,  if  a fufficient  quantity  of  heat  be  applied. 
But,  upon  examining  the  temperature  of  the  mix- 
ture, it  was  found  much  lower  than  if  cold  water 
about  the  freezing  point  had  been  ufed  inftead  of 
ice ; and  that  it  loft  the  fame  quantity  of  heat, 
14/  degiees,  which  the  ice  in  the  former  expe- 
riment required  to  render  it  fluid;  for  in  this  it  fell 
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68  degrees  below  the  mean  ; the  ice  abforbing  fo 
much  fire  from  the  boiling  water,  that  the  mix- 
ture did  not  point  to  the  mean  as  it  would  have 
done  if  cold  water  had  been  ufed  inftead  of  ice, 
but  to  that  point  which  fhewed  that  the  ice,  in 
order  to  become  fluid,  muft  be  combined  with  fo 
much  fire  as  would,  if  liberated,  raife  the  ther- 
mometer 147  degrees.  Thefe  two  experiments 
differ  only  in  this,  that  one  was  made  with  warm 
air,  the  other  with  warm  water.  Again  ; if  a 
pound  of  water  at  32  degrees  be  mixed  with  an 
equal  quantity  of  that  fluid  at  172  degrees,  the  tem- 
perature of  the  mixture  will  be  102  degrees,  the 
arithmetical  mean  between  the  warm  water  and 
the  cold.  But  if  a pound  of  ice  at  32  degrees  be 
mixed  with  a pound  of  water  at  172  degrees,  the 
temperature  of  the  mixture  will  be  32  degrees. 

It  appears  clearly  from  this  experiment,  that 
Ice  and  water  both  being  at  32  degrees,  are  very 
differently  affected  by  fire  ; for,  in  the  firfl:  ot  the 
two  foregoing  experiments,  a quantity  of  fire 
which  railed  the  thermometer  70  degrees,  pafled 
from  the  warm  into  the  cold  water,  and  the  tem- 
perature of  this  was  increafcd  70  degrees.  In  the 
lafl  experiment,  a quantity  which  raifed  the  ther- 
mometer 140  degrees  pafled  from  the  warm  water 
into  the  ice,  in  confequence  of  which  the  ice  was 
melted,  but  it’s  fenfible  heat  was  not  increafcd,  the 
temperature  of  the  mixture  being  32:  fo  that  in 
the  procefs  of  liquifaction,  or  melting  the  ice,  140 
degrees  of  the  heat  are  abf  orbed,  not  producing  any 
effeCt  upon  the  thermometer.  Thefe  experiments, 
and  the  deductions  from  them,  are  further  con- 
firmed by  fhewing  that  a quantity  of  heat  emerges 
from  water  when  it  pafi'es  from  a fluid  to  a folid 
fiate,  which  can  only  arife  from  the  latent  fire. 

If  you  expofe  water  to  freeze,  putting  a ther- 
, mometer  into  it,  the  water  being  20  degrees 
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Warmer  than  the  air,  it  will  lofe  a great  many  de- 
grees during  the  firft  live  minutes,  lefs  the  next, 
and  fo  on  • in  half  an  hour,  if  the  air  be  below  the 
freezing  point,  it  will  have  attained  the  tempe- 
rature of  the  air,  and  you  would  fuppofe  that  in 
2 or  3 minutes  all  of  it  would  freeze,  which  would 
be  the  cafe  if  it  depended  on  a diminution  of  ther- 
mometric lire ; but  it  is  not  the  cafe,  for  you  will 
find  at  lirlf  a fmall  part  of  it  freezing,  and  gradually 
increaiing  in  the  congelation  : during  this  time  the 
water  will  continue  at  32  degrees,  which  is  per- 
haps one  or  two  degrees  above  the  temperature  of 
the  air  to  which  it  may  be  expofed.  Now  as  a 
colder  body,  if  it  be  applied  to  a warmer  one,  will 
loon  become  of  the  fame  temperature  with  the  air 
to  which  it  is  expofed  ; we  can  only  attribute  the 
water  not  becoming  of  the  fame  temperature  with 
the  air  to  which  it  is  expofed,  to  the  latent  fire 
emerging  and  manifefting  itfelf  as  foon  as  any 
particle  of  the  water  freezes ; and  as  foonas  this  is 
all  exhaufted,  the  mafs  becomes  folid,  and  of  the 
fame  temperature  with  the  air. 

If  water  be  at  reft,  it  may  be  cooled  7,  8,  9, 
or  10  degrees  below  the  freezing  point  without 
being  congealed  ; but  if  touched  with  a bit  of  ice, 
the  end  of  a wire,  or  if  the  velfel  be  agitated,  the 
congelation  pervades  it  like  a flalh  of  lightning. 
Mr.  Mairan  expofed  fmall  drinking  glaiTes  full  of 
water,  thefe  were  cooled  below  the  freezing  point, 
and  yet  would,  if  left  undifturbed,  remain  fo,  but 
upon  being  agitated  froze  immediately.  If  a ther- 
mometer were  put  into  the  water  during  the 
freezing,  the  moment  it  was  frozen,  it  rofe  up  to 
the  congealing  point,  a quantity  of  latent  fire 
emerging  from  the  water.  Here  you  fee  a quantity 
of  latent  fire  emerging  fuddenly,  and  the  experi- 
ment fhews  that  this  docs  not  altogether  denendon 
the  diminution  of  fenlible  heat,  lince  we  find  the  ■ 
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water  retains  it’s  fluidity,  though  cooled  7 or  8 
degrees  below  the  freezing  point. 

The  fire  abforbed  by  the  water  when  it  ac- 
quires fluidity , is  again  feparated  by  congelation . 
If  a pound  of  water  at  32  degrees  be  mixed  with 
an  equal  quantity  of  ice  at  2 degrees,  nearly  one 
fifth  of  the  water  will  be  frozen,  and  the  tempe- 
rature of  the  mixture  will  be  32  : it  is  therefore 
plain  that  by  the  congelation  of  nearly  one  fifth  of 
a pound  of  water,  a fajficient  quantity  of  fire  was 
extricated  to  raife  a pound  of  ice  30  degrees  ; and  by 
calculation,  you  will  find  that  the  heat  which  is 
extricated  by  the  congelation  of  water,  is  precifely 
equal  to  that  which  is  abforbed  by  the  melting  ice. 

The  heat  extricated  in  the  freezing  of  water, 
fhews  why  that  fluid,  when  it  is  expofed  to  a de- 
gree of  cold  lower  than  32  degrees,  and  is  at  the 
fame  time  gently  agitated  by  the  wind,  ceafes  to 
cool  as  foon  as  it  arrives  at  the  freezing  point,  the 
temperature  thereof  continuing  fiationary  until  the 
whole  is  congealed;  it  being  well  known  that  32 
degrees  is  the  point  at  which  water  in  a gentle  fiate 
of  agitation  becomes  folid.  When  therefore  it  is 
reduced  to  that  point,  it  begins  to  freeze,  and 
part  with  it’s  fire;  and  as  the  extrication  of  fire  in 
this  inftance  depends  upon  the  congelation,  it  is 
clear  that  the  quantity  of  fire  extricated  will  be  in 
proportion  to  the  quantity  of  water  congealed. 

In  other  words,  if  when  melted  it  is  al- 
lowed to  cool  flowly  with  a thermometer  immerfed 
in  it,  vou  will  find  that  as  long  as  it  continues 
fluid,  the  fenfible  heat  diminifhes  very  fall,  but  as 
foon  as  it  begins  to  grow  folid,  the  fenfible  heat 
continues  greater  than  that  of  the  air  to  which  it 
is  expofed  ; and  during  all  this  time  it  is  com- 
municating heat  to  the  air,  without  having  it’s 
fenfible  heat  diminifhed  : the  latent  fire  within  the 
fluid  gradually  manifefis  itfclf,  and  by  keeping 
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np  the  temperature,  proves  a fource  of  fenfible  heat 
which  is  communicated  to  the  neighbouring  bodies 
and  furrounding  air. 

Dr.  Irvine  has  fliewn,  that  when  fpermaceti 
and  wax  are  melted  they  contain  this  latent  lire; 
for  by  heating  them  much  above  their  point  of 
fluidity,  he  found  they  loft  their  heat  very  loon,  till 
fome  parts  became  folid  ; after  this  they  continued 
of  exactly  the  fame  temperature  till  the  whole  be- 
came folid,  though  expofed  all  the  while  to  cold 
,air;  but  when  all  became  folid,  they  cooled  as  they 
did  at  ftrft.  Spermaceti  abforbed  from  141  to  148 
degrees  to  become  fluid,  wax  175.  He  put  a cer- 
tain quantity  of  melted  tin  into  water,  and  an 
equal  quantity  of  tin  heated  to  the  fame  degree,  but 
not  fluid,  into  a like  quantity  of  water,  and  the 
water  was  heated  moft  by  the  melted  tin,  the  la- 
tent fire  emerging  therefrom. 

If  the  nitrous  acid  be  mixed  with  ice  or  fnow, 
there  will  be  a fudden  liquifaftion.  Mixtures  in 
general  promote  liquifaftion,  and  in  this  inftance 
a moft  intenfe  cold  is  produced,  which  is  eafily  ex- 
plained on  the  foregoing  principles  : if  you  liquify 
ice,  you  muft  throw  in  a prodigious.quantity  of  fire, 
which  immediately  becomes  latent  in  the  liquid, 
and  is  not  difcovCrable  by  a thermometer.  By 
producing  a fudden  liquifaftion  of  ice,  the  cold  is 
fo  great,  that  all  the  neighbouring  bodies  muft 
communicate  of  their  fire  to  fupply  that  which  is 
to  become  latent  by  the  liquifaftion,  and  thus  ge- 
nerate the  cold  wre  perceive. 

The  principle  of  latent  fire  explains  alfo  the 
curious  phenomena  of  artificial  cold,  produced  in 
the  mixture  of  fnow,  water,  and  fait,  as  every 
body  which  pafles  from  the  folid  to  the  liquid  ftate 
abforbs  a quantity  of  fire  which  does  not  a lie  ft  the 
thermometer;  hence  cold  is  produced  in  the  dif- 
folution  or  all  the  chryftalized  lalts.  I he  fire  being 

1 3 combined 


V. 


278  Lectures  on  Natural  Philosophy. 

combined  with  the  particles  to  keep  the  mixture 
fluid,  and  being  only  exerted  thereon,  the  mixture 
becomes  fenflbly  colder. 

Upon  thefe  principles  you  may  account  for  the 
large  quantities  of  ice  w hich  remain  on  the  furface 
of  the  earth  fome  days  after  a thaw  has  commenced; 
for  though  each  piece  of  ice  is  affe&ed  by  the 
warmth  of  the  atmofphere,  and  the  influence  of 
the  fun,  it  cannot  be  immediately  melted  thereby, 
the  ice  abforbing  gradually  all  the  fire  commu- 
nicated to  it,  till  it  has  received  fufficient  to 
maintain  itfelf  in  the  form  of  water.  In  the  fame 
manner  you  fee  why  the  ice  in  ice-houfes  is  not 
melted,  which  it  would  be,  if  all  the  fire  w hich  it 
received  ached  upon  it  to  raife  the  temperature ; 
which  it  does  not  do,  being  abforbed,  to  contri- 
bute to  it’s  exiftence  as  water,  and  lofing  there- 
fore it’s  diffufive  achion. 

Dr.  Crawford  fhewrs  us,  that  by  the  law7s  of 
abforption  and  extrication  of  fir e.  Divine  Providence 
has  wifely  guarded  againft  very  fudden  viciffitudes 
of  heat  and  cold  upon  the  furface  of  the  earth. 

For  if  fire  were  not  extricated  by  the  procefs 
of  congelation,  all  the  waters  which  w ere  expofed 
to  the  influence  of  the  external  air,  w hen  it’s  tem- 
perature wras  reduced  below  32  degrees,  would 
fpeedily  become  folid;  and  at  the  moment  of  con- 
gelation, the  progrefs  of  cooling  would  be  as  rapid 
as  it  was  before  the  air  arrived  at  that  point. 

But  as  foon  as  the  atmofphere  is  cooled  below 
32  degrees,  water  begins  to  freeze,  and  at  the  fame 
time  to  give  out  the  fire  combined  with  it;  and 
confequently  whatever  may  be  the  degree  of  cold 
in  the  external  air,  the  freezing  mafs  remains  at 
32  degrees,  until  the  whole  is  extricated  and  con- 
gealed ; and  as  the  quantity  of  fire  that  is  liberated 
in  the  freezing  of  water  is  confiderable,  the  progrefs 
of  congelation  in  large  inaffes  is  very  flow7. 
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Hence  in  the  northern  and  fouthern  regions, 
upon  the  approach  of  winter,  a quantity  of  fire  is 
extricated  from  the  waters  proportional  to  the 
degree  of  cold  that  prevails  in  the  atmofphere  ; 
thus  the  feverity  of  the  froft  is  mitigated ?,  and  it's 
progrefs  retarded.  And  it  is  highly  probable,  that 
during  the  retardation  of  the  cooling  procefs,  the 
various  tribes  of  animals  and . vegetables,  which 
inhabit  the  circum-polar  regions,  acquire  the 
power  of  refitting  it’s  influence. 

On  the  other  hand,  if  on  the  melting  of  ice  a 
quantity  of  fire  was  not  abforbed  and  rendered  lefs 
active,  that  fubftance,  when  expofed  to  a medium 
warmer  than  32  degrees,  would  fpeedily  become 
fluid,  and  the  progrefs  of  heating  would  be  as  rapid 
as  if  no  alteration  in  the  form  had  taken  place.  If 
things  were  thus  conftituted,  the  vaft  mattes  of  ice 
and  fnow,  which  arc  collected  in  the  frigid  zones, 
would,  upon  the  approach  of  fummer,  fuddenly 
diffolve,  and  the  regions  near  the  poles  would  be 
annually  overflowed  by  violent  inundations. 

But  by  the  operation  of  this  law  of  the  ab- 
sorption of  fire,  when  the  ice  and  fnow  upon  the 
return  of  fpring  have  arrived  at  32  degrees,  they 
begin  to  melt,  and  at  the  fame  time  to  imbibe 
fire,  which  by  being  combined  with  the  water 
does  not  act  externally ; fo  that  the  earth  is  flowly 
heated,  and  thofe  gradual  changes  are  produced 
which  are  eflential  to  the  prefervation  of  the  ani- 
mal and  vegetable  kingdoms. 

The  mind  of  man  admits  with  reluctance  the 
truth  of  every  tettimony  concerning  matters  of 
fact,  which  happen  to  be  repugnant  to  the  uniform 
experience  of  his  fenfes ; hence  the  general  back- 
wardnefs  to  believe  the  miracles  in  the  Bible  : and 
lienee  the  Dutchman,  who  informed  the  king  of 
Siam  that  water  in  his  country  would  fometimes  in 
cold  weather  be  fo  hard , that  men  walked  upon  it, 
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and  that  it  would  bear  an  elephant,  was  efteemed 
a perfon  unworthy  of  credit.  Hitherto,  fays  the 
king,  I have  believed  the  ftrange  things  you  told 
me,  becaufe  I looked  upon  you  as  afoberman,  but 
now  I am  lure  you  lie. 

Mahine , the  native  of  Borabora,  could  fcarce- 
ly  be  perfuaded  even  by  the  information  of  his 
fenfes,  of  the  reality  of  the  fame  effedt.  The  ap- 
pearances of  while  flows,  as  he  called  hail,  which 
melted  in  his  hand,  was  altogether  miraculous  to 
him;  and  when  he  had  been,  with  difficulty,  con- 
vinced that  an  extenfive  field  of  ice  was  not  com- 
mon land,  he  was  determined,  at  all  events,  to  call 
it  white  land  to  diftinguifh  it  from  the  reft.* 

This  determination  of  the  favage  was  made  in 
the  true  fpirit  of  philofophy,  for  ice  in  fmall  par- 
ticles is  a fpccies  of  earth,  and  in  folid  maffes  it 
may  be  coniidered  as  afpecies  of  tranfparent  ftone. 
The  waters , fays  Job,  fpeaking  of  the.  effiedt  of 
froft,  are  hid  as  with  a ftone  ; that  is,  water,, when 
it  becomes  ice,  conceals  it’s  nature  by  aflliming  a 
• ftone-like  hardnefs-  and  confiftence.  The  Ruffians 
applied  ice  to  the  fame  purpofes  with  ftone,  at  the 
marriage  of  Prince  Gallitzin,  in  1739  : an  houfe, 
conlifting  of  two  apartments,  was  built  with  large 
blocks  of  ice;  the  furniture  of  the  apartments,  even 
to  the  nuptial  bed,  was  made  of  ice ; and  the  icy 
cannon  and  mortars,  which  were  fired  in  honour  of 
the  day,  performed  their  office  more  than  oncq 
without  burfting. 

Having  already  told  you  that  I conftder  reli- 
gion as  the  firmefl  and  only  f up  port  of  the  happinefs 
' of  man , you  cannot  be  furprized  that  I take  every 
Opportunity  to  fix  your  attention  upon  objedfs  that 
lead  you  to  it’s  Author,  and  confequently  the  con- 
fideration  of  final  caufes  is  continually  interwoven 
y.jth  thefe  Ledtures. 

Thq 
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The  arguments  for  the  being  and  providence 
of  the  Deity,  deduced  from  the  clear  marks  and 
lignatures  of  wifdom,  power,  and  goodnefs  in  the 
conftitution  and  government  of  the  world,  will 
gather  ftrength  as  your  knowledge  advances. 
\V  hen  you  attend  to  the  marks  of  good  contrivance, 
which  appear  in  the  works  of  God,  every  difeovery 
you  make  in  the  conftitution  of  the  material  and 
intellectual  fyftem  becomes  a hymn  of  praife  to  the 
great  Creator  and  Governor  of  the  world. 

Though  no  man  ever  called  in  queftion  the 
principle  of  final  caufes,  when  applied  to  the  ac- 
tions and  difeourfes  of  men  ; for  this  would  have 
been  to  deny  that  we  have  any  means  of  difeerning 
a wife  man  from  an  idiot,  or  a man  that  is  illiterate 
in  the  higheft  degree,  from  a man  of  knowledge 
or  learning;  yet  in  all  ages  there  have  been  thofe 
who,  being  unfriendly  to  religion,  have  denied  the 
force  of  the  proof : but  you  may  depend  upon  it, 
that  none  will  reafon  fo  abfurdly,  but  the  philofo- 
fhers  of  vanity , in  whom  the  ajj'ettation  of  wifdom 
joins  the  extremity  of  folly. 

Fix  upon  two  or  three  fubje&s  which  are  clear 
beyond  difpute,  as  that  the  eye  does  not  fee  by  ac- 
cident, but  was  contrived  for  feeing,  &c.  and  you 
anfwer  all  the  atheifts  that  ever  were  or  will  be  ; for 
you  prove,  by  a fingle  ftep  of  reafoning,  that  there 
is  a Divine  Mind  or  Wisdom  that  hath  wrought 
with  a view  to  certain  endsy  which  it  hath  attained 
in  the  moft  perfect  manner. 

Leaving  thefe  men,  let  me  introduce  you  to  a 
philosopher  of  a neighbouring  nation,  * who  to 
foundnefs  of  judgment,  joins  ftrength  of  genius. 
Let  us  heai  him  ipcak  on  this  intcrefting  fubjeCt. 

1 love,  fays  he,  to  enumerate  in  my  mind  the  im- 
preftions  that  I every  where  find  of  a beneficent 

hand  ; 

* M.  Dc  Luc’s  Lettres  Phyfiques  et  Morales  fur  l’Hifloire  de 
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hand;  I am  ignorant  how  it  formed  the  world,  hut 
I do  not  make  my  happincfs  confiii,  in  fatisfying 
curiofity  about  an  objed  evidently  fur  pa  fling  the 
reach  of  human  ability.  I love  to  feel,  that  I am 
jiot  left  to  be  the  fportof  blind  caufcs,  without  re- 
fource  againft  the  fear  of  evil,  without  any  cer- 
tainty of  the  duration  of  good. 

The  immediate  and  durable  confcquence  of 
each  moment  of  attention  on  the  phenomena  of  na- 
ture, is  infinitely  more  delightful  to  my  mind, 
than  that  which  I receive  by  the  folution  of  a phy- 
fical  problem.  It  is  a pleafure  that  penetrates  to 
the  intimate  effcnce  of  the  foul ; it  is  a kind  of  de- 
licate love,  or  rather  it  is  the  fupreme  degree  there- 
of, being  excited  by  the  contemplation  of  that 
Being  who  is  goodness  and  beauty,  andwhichtak- 
ing  poffefTion  of  the  heart,  fills  it  with  gratitude, 
admiration,  and  hope. — Let  us  accompany  this  phi- 
Iofopher  in  his  meditations,  on  a fubjed  which  has 
already  made  part  of  this  Ledure.  I had  made, 
fays  he,  the  thermometer  my  particular  ftudy,  and 
in  the  courfe  thereof,  I endeavoured  among  the 
fluids  in  ufiey  to  find  ■ one  zvhofie  dilatations  are  the 
mojl  proportional  to  the  augmentation  of  heat  which 
occasions  them. 

This  quefiion  would  not  have  occurred,  if  the 
dilatation  of  each  fluid,  though  different  in  quan- 
tity, had  been  proportional  in  it’s  progrefs.  This 
was  found  clearly  not  to  be  the  cafe,  by  compar- 
ing the  march  of  a fpirit  thermometer  with  one  of 
quickfdver.  The  comparifon  fhewed  that  their 
march  was  fo  different,  that  they  could  not  be 
made  to  correfpond  together,  otherwife  than  by 
making  the  degrees  of  the  one  unequal,  while  thofe 
of  the  other  were  equal.  They  muff  go  in  an  in- 
creasing progreffion,  beghming  at  the  bottom  and 
proceeding  to  the  top  of  the  fpirit  of  wine  thermo- 
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meter,  but  from  the  top  to  the  bottom  of  that  of 
quickiilver. 

As  there  was  a different  march  in  their  pro- 
greffion  with  the  fame  augmentation  of  heat,  it  was 
clear,  that  one  or  the  other  was  not  proportional 
ro  the  augmentation  of  heat.  From  hence  a doubt 
originated,  whether  there  w;as  any  fluid  which  di- 
lated in  proportion  to  the  degrees  of  heat.  In  a 
courfe  of  experiments,  to  afcertain  this  point,  by 
comparing  the  march  of  different  fluids  with  that 
of  mercury,  I was  ftruck,  fays  our  author,  wflth  the 
difproportion  betw  een  the  progreflion  of  water  and 
that  oi  other  fluids.  It  you  divide  into  800  equal 
parts,  the  augmentation  in  the  bulk  of  water  and 


mercury  in  palling  from  the  freezing  to  the  boiling 
point,  and  if  you  compare  the  correfponding  de- 
grees of  this  augmentation  in  each  fluid,  you  will 
And,  that  from  the  heat  of  melting  ice  to  the 
greateft  degree  of  heat  which  reigns  on  the  furface 
of  the  earth,  w'hen  vegetation  commences,  (which 
I fuppofe  10  degrees  of  a thermometer  divided  in- 
to 80  parts)  the  mercury  undergoes  100  of  thefe 
800  parts,  and  the  water  only  2.  That  from  this 
point,  to  that  which  reigns  only  in  fummer,  (that 
I fuppofe  to  be  25  degrees)  the  mercury  dilated  it- 
lelf  1 50  of  the  800  parts,  water  only  71  ; fo  that 
in  the  great  heats  of  fummer  mercury  has  acquired 
25°  of  it’s  800  parts  of  augmentation,  water  only 
73*  Thus  water  does  notaifume  in  it’s  dilatations, 
degrees  proportional  to  the  augmentation  of  heat" 

the  fir  ft  degrees  being  very  fmall  when  compared 
to  the  laft.  r 

1 his  was,  without  doubt,  a very  in terefti no- 
phenomenon. Having  reflected  upon  the  caufe 
framed  an  hypothefis,  and  endeavoured  to  verify  it 
by  an  experiment  which  fucceeded,  I received  I 
believe,  as  much  pleafure,  as  phyjical  (peculation 
can  give.  I have  pubflflied  the  hiftory  of  this  re- 
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iearch,  but  of  the  pleafure  I received,  I have  only 
a ieeble  remembrance. 

Having,  however,  one  day  confidered,  that 
water  is  the  fluid  the  moft  generally  difl'ufed  in  our 
globe,  that  all  fubftances  contain  it,  that  it  is  the 
vehicle  of  all  vegetable  and  animal  nourifhment, 
that  it  is  included  in  all  the  veffels  that  convey  their 
food  ; that  in  ail  thefe  refpects,  if  it  had  been  a, 
turbulent  fluid,  rapid  in  thefe  lower  dilatations, 
the  whole  conftitution  of  things  would  have  been 
overturned  : when  this  occurred,  my  mind  was 
filled  with  admiration,  I felt  myfelf  in  poflefiionof 
a real  treafure,  and  I never  think  on  the  fubjedt  but 
with  the  utmoft  delig-ht. 

O 

Do  not  then  fuiTer  yourfelves  to  be  deprived  of 
thefe  delights ; the  fearch  after  truth  can  only  be 
falutary  to  you,  when  confidered  as  proceeding  from 
afirfi  intelligent  and  beneficent  cauje  : without  this 
as  an  object  of  purfuit,  {he  lofes  her  moft  ftriking 
beauties,  all  that  can  intereft  curiofity,  or  animate 
inveftigation. 

When  you  confider  the  procelTes  in  nature, 
from  the  moft  obvious  effects  to  their  moft  remote 
caufes,  fo  far  as  they  fall  within  the  fcope  of  our 
cotpprehenfion,  you  find  them  one  produced  from 
the  other  in  the  moft  wonderful  and  regular  fuc- 
ceflion  ; that  which  appears  the  caufe  of  one  thing 
being  the  effedt  of  another,  and  the  whole  together  and 
each  individual  dependent  in  themfelves,  incapable  of 
producing  any  thing  except  as  added  upon  by  others; 
all  fpeaking  the  fame  language ; an  incapacity, 
an  absolute  inability  in  themfelves  of  doing  or 
cauftng  any  thing,  and  pointing  you  to  a caufe, 
diftinct  from  all,  -an  intelligent,  adtive,  powerful 
Being,  who  employs  them  for  wife  and  gracious 
purpofes. 

Thus,  a little  attention  to  the  nature  of  reli- 
gion, will  foot),  convince  yog,  that  infidelity  and 
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ir religion  afford  very  few  topics,  on  which  a reflect- 
ing mind  can  dwell  with  pleafure,  even  for  a mo- 
ment. You  will  find  that  infidels  have  not  one 
argument  on  their  fide.  For  with  all  their  pre- 
tences to  reafon  and  wifdom,  they  can  no  more 
fhew7  you,  that  you  are  not  immortal,  than  they 
can  fhewr  you  wrhat  wTas  doing  before  the  creation  of 
the  world.  In  fuppoling  that  the  whole  of  your 
exiffence  ends  with  your  body,  they  are  as  well  fup- 
ported,  as  they  w ould  be,  in  fuppofing  that  there 
are  no  beings  but  what  arc  vifible  to  your  eyes.  In 
fuppofing  that  man  wfill  never  be  called  to  an  ac- 
count, they  have  no  more  reafon,  than  you  can  have 
for  fuppofing  that  there  will  be  nothing  a thoufand 
years  hence. 

Yet  thefe  are  the  ftrong  foundations  of  infidelity 
and  prophanenefs  ; thefe  the  folid  principles  of  our 
foi-difant  philofophers  and  their  deluded  followers. 

If  you  inquire  the  characters  of  the  molt  noted 
infidels,  you  w ill  find  them  to  have  been  men  who 
exceeded  their  fellow'  creatures  in  nothing  but  ar- 
rogance, and  prefumpiion^  and  that  infidelity  in  ge- 
neral is  founded  on  an  implicit  faith  in  the  writings 
and  opinions  of  men  of  wanton  and  fenfual  Grinds. 
Yet  thefe  are  the  men  who  call  our  faith  mean,  and 
fuhmiflion  to  revelation  flavery,  though  yielded 
only  to  the  higheft  evidence  on  matters  of  the 
greateff  moment. 

Thefe  men  are  very  forward  to  tell  you  pre- 
cifely  what  God  can  or  cannot  do  ; he  cannot  work 
a miracle,  cannot  give  a revelation,  cannot  guide 
the  motions  of  a free  agent,  nor  make  fucha  one 
impeccable,  nor  annex  rewards  to  an  affent  of  the 
mind,  nor,  &c.  &c.  For  all  thefe  are  contrary  to 
the  nature  of  things.  If  you  afk  w'hat  things  they 
mean,  or  what  by  the  nature  of  them,  they  will 
not  vouchfafe,  or  rather  cannot  give  an  explanation, 
but  are  angry  with  you  as  a captious  perfon  for  put- 
ting the  queffion.  They  ffill,  however,  go  on  to 
1 lay 
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lay  a mighty  ft  refs  upon  thefe  words,  without  having 
any  clear  or  fettled  idea  of  their  import.  Thefe  men 
are  fevere  upon  others  for  uling  expreflions  they  do 
not  underhand.  But  believe  me,  you  will  con- 
ftantly  find  them  pretending  to  build  demonftra- 
tions  upon  principles,  whereof  they  have  no  clearer, 
nor  more  adequate  ideas,  than  the  vulgar,  whom 
they  affedt  to  ridicule,  have  of  their  myftcries;  and 
you  will  find  them  always  endeavouring  to  make  a 
conftant  repetition  ofpofitive  a[[er  tions  y pafs  for  proof 
and  explanation. 

They  wifh  to  be  confidercd  as  unbelievers,  but 
on  examination  you  will  find  them  men  of  the  moft 
refigned  and  implicit  faith.  The  creed  of  the  in- 
fidel has  as  many  articles  as  that  of  the  chriftian, 
and  the  belief  thereof  requires  a much  greater  fuf- 
penfion  of  your  reafon.  If  to  believe  things  upon 
no  authority,  or  without  any  reafon,  be  a fign  or 
mark  of  credulity ; of  all  men,  the  free-thinker 
and  infidel  will  be  found  to  be  the  moft  eafy  and 
credulous.  The  difference  between  the  chriftian 
and  the  deift,  does  not  conlift  in  this,  that  the  one 
affents  to  things  unknown,  and  the  other  does  not ; 
but  in  this,  that  the  chriftian  affents.  to  things  un- 
known, on  the  account  of  evidence ; the  other  affents 
to  things  unknown*  without  any  evidence  at  all. 

Religion  requires  a ferious  and  wife  ufe  of 
your  reajony  and  can  only  recommend  itfeif  to  you 
when  you  are  in  a difpoiition  to  reafon  and  think 
foberly,  and  confider  it  as  the  moft  ferious,  impor- 
tant, and  facred  fubjebt  in  the  world.  It  is  not  the 
deift’s  bufinefs  to  reafon  foberly,  and  confider  the 
weight  and  moment  of  things  with  exadtnefs  : idle 
ftorics,  rudejefts,  and  lewd  inuendoes  ferve  the  pur- 
pofe  of  infidelity,  much  better  than  any  arguments 
it  has  yet  difeovered.  They  not  only  confufe  and 
diftradt  the  mind,  but  they  alfo  gratify  and  engage 

the 
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the  attention  of  immoral  men,  by  affording  them 
what  they  deem  an  eafy  confutation  of  religion. 

The  objections  of  infidels  are  weak,  and  can 
have  little  force  but  upon  depraved  minds,  or  on 
thofe  whole  underftandings  are  naturally  weak,  or 
made  fo  by  an  implicit  relignation  of  their  facul- 
ties, to  writings  which  can  neither  improve  your 
mind,  purify  your  heart,  exalt  your  virtue,  or  in- 
creafe  your  wifdom. 

To  doubt  cautioufiy,  till  you  have  examined 
fully,  and  retain  your  affent  till  you  have  feen  clear- 
ly, are  proofs  of  reafon  and  force  of  mind.  But  to 
doubt  without  any  reafon  of  doubting,  is  as  great 
a defect  as  to  believe  without  any  reafon  of  believ- 
ing. Both  extremes  proceed  from  an  excefs  of 
imagination,  which  difordering  the  intellectual  eye, 
deludes  the  credulous  to  fee  what  is  not , and  blinds 
the  infidel,  fo  that  he  does  not  fee  what  is.  There  is 
a fundamental  maxim  clofely  connected  with  thefe 
obfervations,  and  that  cannot  be  too  ffrongly  incul- 
cated on  your  minds;  for  want  of  attention  thereto, 
weak  reafoners  have  impofed  upon  themfelves, 
and  deluded  others.  Many  things  may  he  incompre - 
henfihle  and  yet  demonftralle ; and  though  feeing  clearly 
he  afufficient  reafon  for  affirming , yet  not  feeing  at 
all  can  never  he  a reafon  for  denying.  We  fee  many 
things  muff  be,  but  we  cannot  conceive  how  they 
are.  We  fee  the  connection  between  feme  truths, 
but  not  between  all ; we  fee  a part,  but  not  the 
whole  ; we  fee  fome  attributes  and  modes  of  thinq-s, 
but  we  do  not  fee  their  intimate  offence.  Nature 
abounds  in  myfferies,  of  which  we  may  have  a 
certain  knowledge,  but  no  clear  conception  ; fome 
are  too  large  for  imagination  to  grafp,  fome  too 
minute  for  it  to  difeern,  others  too  obfeure  to  be 
feen  diftinCtly,  and  others,  though  plainly  difeerna- 
ble  in  themfelves,  yet  remain  inexplicable  in  the 
manner  of  production,  or  appear  incomoatible  with 
011c  another. 
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LECTURE  VIII. 

Of  Fire. 

CO  great  is  the  power,  fo  extenfive  the  action, 
^ and  fo  wonderful  the  manner  wherein  fire 
acts,  that  it  was  anciently  held  and  adored  as  the 
fupreme  God  by  a nation  reputed  the  wifeft  of  all 
others.  Thus  fome  of  the  chemilts  having  found 
it’s  extraordinary  force,  took  it  for  an  uncreated 
being,  and  many  among  them  attributing  all  the 
knowledge  they  had  acquired  to  this  inflrument, 
called  themfelves  the  philofophers  of  fire,  thinking 
they  could  not  be  dignified  by  a higher  title. 

The  phenomena  of  fire  are  fo  lingular, 
and  it’s  effects  are  fo  affonifhing,  as  not  eafily 
to  admit  a companion  with  other  appearances  in 
nature  ; and  if  ever  underffood,  it  will  be  by  means 
of  experimental  inveffigation.  Of  this  you  will 
have  a proof  in  the  next  fubjecft  of  our  difcourfe, 
which  is  on  evaporation. 

Heat  and  cold,  fays  Lord  Bacon,  are  the  very 
hands  of  nature  with  which  fhe  chiefly  worketh, 
the  one  contracting,  the  other  expanding  bodies,  fo 
as  to  maintain  an  ofcillatory  motion  in  all  their 
parts.  So  ferviceable  are  thefe  changes,  that  they 
are  promoted  every  year,  every  day,  every  hour, 
every  moment ; all  things  co-operating  to  this 
work,  night  and  day,  light  and  darknefs,  fummer 
and  winter. 

That  a fmall  increafe  of  heat  expands  air,  and 
that  it  is  hence  in  continual  motion,  will  be  proved 
by  this  limple  inflrument,  which  at  the  fame  time 
gives  you  ocular  demonftration  of  the  unintermit- 
ting agency  of  fire  on  air,  by  fhe  wing  you  that  this 
fluid  is  never  at  reft,  but  incellantly  vibrating. 

; The 
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The  inftrument  is  nothing  more  than  a Flo- 
rence flafk,  containing  about  2 ounces  of  fpirit  of 
wine,  furnifhed  with  a tube  4 or  5 feet  long,  of  a 
fmall  bore;  the  lower  end  of  the  tube  is  dipped 
below  the  lurface  of  the  liquor,  but  not  fo  as  to 
touch  the  bottom  ; a graduated  fcale  is  annexed  to 
the  tube.  The  juncture  of  the  neck  is  made  air- 
tight by  a collar  of  metal  and  hard  cement.  The 
quantity  of  air  being  fo  large,  and  the  tube  fo  fmall 
and  long,  you  have  a curious  thermometer,  which 
if  expofed  at  an  open  window  will  never  be  at  reft, 
ftiewing  you  that  the  temperature  of  heat  is  conti- 
nually changing  with  every  breath  of  air  and  paf- 
ling  cloud. 


Of  Evaporation. 

According  as  the  texture  and  denftty  of  fluids 
vary,  the  paffage  of  fire  through  them  is  more  or 
lefs  retarded  : hence  as  fire,  in  efcaping,  carries 
off  a portion  of  the  fluid  with  it,  fome  fluids  are 
more  difpofed  to  evaporate , or  fly  off  in  vapour, 
than  others  ; thofe  are  called  volatile , whofe  par- 
ticles fly  off  with  a fmall  degree  of  heat. 

This  general  effedl  of  fire  cannot  have  efcaped 
your  notice,  as  it  is  obfervable  in  the  moft  com- 
mon occurrences  of  life.  You  continually  fee  wa- 
ter going  off  in  the  form  of  vapour  from  a tea-pot, 
a tea-kettle,  &c.  If  you  put  a fmall  quantity  of 
water  into  a tea-kettle,  and  place  it  on  the  fire,  it 
will  difappear  in  a fliort  time,  having  efcaped  in 
the  form  of  vapour.  This  vapour  or  fleam  will, 
upon  the  addition  of  more  heat,  if  it  be  not  al- 
lowed it’s  proper  range,  expand  with  fuch  force  as 
to  burft  the  veffel  in  which  it  is  confined. 

If  the  fleam  of  boiling  water  be  at  liberty,  the 

.water  never  attains  more  than  acertaindegreeof  heat; 

but  if  it  be  confined  in  aclofe  veffel,  the  additional 
fire  not  efcaping,  the  elafticity  of  the  fteam  is  in- 
Vol.  I.  U creafed. 
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creafed,  it  re-acls  upon  the  water,  raifes  the 
heat  fo  much  higher,  that  it  may  be  made  to  keep 
lead  in  fufion,  and  fo  penetrating,  that  it  will  foften 
in  a few  minutes  the  marrow-bone  of  an  ox. 

The  inftrument  contrived  for  the  foregoing 
purpofes,  (jig.  6,  pi.  5 J is  called  Papin's  digejler , 
from  the  name  of  it’s  inventor,  and  from  it’s  pene- 
trating and  diffolving  the  fubftances  that  are  ex- 
pofed  to  it’s  addon.  It  is  a ftrong  veflel  ufually 
made  of  copper,  and  fitted  with  a thick  clofc 
cover,  which  is  fattened  down  by  feveral  ferews, 
fo  as  to  be  tteam-tight  in  great  degrees  of  heat. 
To  render  it  fafe,  when  ufed,  there  is  on  the  cover 
a valve  to  let  out  the  fteam  when  too  violent  • this 
valve  is  kept  down  by  a fteelyard,  and  a weight 
moveable  upon  it,  to  regulate  the  degrees  of 
ttrength  of  the  fteam  wfithin. 

The  following  account  of  an  accident  with 
one  of  thefe  inftruments,  will  give  you  fome  idea 
of  the  force  of  fteam : Mr.  Papin  having  fixed  all 
things  right,  andincluded  about  a pint  of  waterwith 
two  ounces  of  a marrow  bone  ; he  placed  the  veflel 
horizontally  between  the  bars  of  the  grate,  about 
half  w^ay  into  the  fire  ; in  three  minutes  he  found 
it  raifed  to  a great  heat,  and  perceiving  the  heat  in 
a very  lhort  time  become  more  raging,  he  ftepped 
to  the  fide-table  for  the  iron  wherewith  he  managed 
the  digefter,  in  order  to  take  it  out  of  the  fire, 
when  on  a fudden,  it  burftas  if  a mufket  had  gone 
off.  A maid  that  w^as  gone  a milking,  heard  it  at 
a confiderable  diftance,  and  the  fervants  faid  it 
fhook  the  houfe.  As  he  had  foretold,  the  bottom 
of  the  veflel,  that  w?as  in  the  fire,  gave  way  ; the 
blaft  of  the  expanded  water  blew  all  the  coals  out 
of  the  fire  over  the  room,  the  remainder  of  the 
veflel  flew  acrofs  the  room,  and  hitting  the  leaf  of 
a table  made  of  inch  oak  plank,  broke  it  all  in 

pieces. 
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pieces,  and  rebounded  half  way  of  the  room  back 
again.  He  could  not  perceive  the  lead:  fign  of 
water,  though  he  looked  carefully  for  it  ; the  fire 
was  quite  .extinguifhed,  and  every  coal  black  in' 
an  indant. 

If  a drop  of  water  be  placed  on  the  bottom 
of  an  exhaufted  receiver,  it  willfuddenly  difappear, 
and  be  converted  into  a fubtil  vapour,  which  will 
fill  the  vefTel,  and  it’s  predure  againd  the  internal 
furface  will  be  fo  drong,  w hen  heated  to  a certain 
degree,  that  it  will  be  almoft  impolfible  to  confine 
it,  and  it  will  often  burft  the  vefTel  wdth  a loud 
explofion.  This  effed  of  vapour  is  diffidently  and 
readily  exemplified  by  the  fmall  machines  called 
candle-balls.  This  great  expanfion  of  the  vapour 
is  the  true  caufe  of  the  danger  of  throwing  water 
into  boiling  oils,  or  upon  melted  metals,  more 
especially  brafs  or  copper  ; the  w^ater  being  a hea- 
vier fluid  than  the  oil,  tails  to  the  bottom,  wrhere  it 
is  immediately  converted  into  vapour,  and  caufes  a 
violent  ebullition.  A fmall  quantity  of  humidity, 
when  mixed  with  hot  metals,  will  be  converted 
into  vapour  withfuch  rapidity  as  to  produce  a more 
violent  explofion  than  gunpowder;  hence  the  dan- 
ger in  cading  copper  or  iron  veflels ; for  if  the 
fluid  metal  meets  wdth  the  lead  moidure,  in  it’s 
padage  from  the  furnace  to  the  mould,  the  watery 
particles  are  indantly  expanded,  and  throw  the 
burning  metal  to  a confiderable  didance. 

If  a quantity  of  water  be  thrown  into  an  iron 
vefTel,  heated  red-hot,  it  will  run  about  the  vefTel 
like  quickfilver,  but  without  touching  the  bottom 
or  fides,  being  converted  into  vapour,  which  pre- 
vents it’s  coming  in  contad  with  the  vefTel. 

1 he  eolipile , or  wind-ball,  is  an  indrument 
which  exhibits  in  a pleafing  manner  the  generation 
and  force  of  deam. 

U 2 
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It  has  a long  narrow  neck,  with  a fmall  aper- 
ture, through  which  the  fleam  ruihes  with  greaE 
violence  in  the  form  of  a factitious  wind,  which 
Will  blow  and  brighten  a fire,  put  out  a candle, 
and  feel  like  a flrong  biaft  when  received  upon  the 
hand. 

It  is  fometimes  placed  on  a fmall  carriage, 
(fig*  5,  pi-  5 J a cork  is  thruft  into  the  extremity 
of  the  pipe  ; when  the  vapour  has  acquired  fufficient 
flrength  to  force  out  the  cork,  it  rufhes  out  vio- 
lently one  way,  while  the  ball  and  carriage  are 
carried  the  contrary  way. 

The  fleam  of  boiling  water  is  applied  as  a 
mechanical  force  to  the  fleam  engine,  of  whofe 
■wonderful  effedts  no  one  can  be  entirely  ignorant. 

One  of  thefe  engines  was  repairing  at  Chelfea^ 
and  as  the  workmen  were  bufy  about  it  to  dilcover 
the  defedl,  the  barrel  burfl  on  a fudden,  and  a 
cloud  of  fleam  rufhing  out  of  the  fradture,  flruck 
one  of  the  workmen,  and  killed  him  in  an  inftant, 
like  a biaft  of  lightning  ; his  companions  haftened  to> 
his  affiflance,  but  when  they  endeavoured  to  take  off 
his  cloaths,  the  flefh  came  off  with  them  from  the 
bones.  A further  account  of  this  engine  will  be 
given  in  the  procefs  of  thefe  ledlures. 

The  force  of  the  vapours  of  fpirit  of  wine  has 
occafioned  terrible  accidents  when  the  worm  has 
been  flopped,  and  the  head  of  the  ft  ill  abfurdly 
tied  down  to  prevent  an  explolion.  The  vapours 
of  mercury  have  burfl  an  iron  box,  and  thole  of 
fal  ammoniac,  nitrous  acid,  &c.  &c.  have  all  been 
known  to  burfl  the  chemical  velfels  which  confined 
them,  and  with  fuch  force  as  to  endanger  thofe 
who  flood  near  them.  In  fhort,  there  is  no  fub- 
flance  whatever  capable  of  being  reduced  into  a 
flate  of  vapour,  but  what  in  that  flate  is  endowed 
with  an  elaflic  force  capable  of  becoming  fuperior 
to  any  obflaclc  we  can  throw  in  it’s  way. 

Evapo- 
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Evaporation  is  not  confined  in  it’s  ufe  to  a 
few  mechanical  engines,  but  extends  to  various 
arts  ; and  is  alfo  one  of  the  great  natural  proceffes 
by  which  the  vegetable  kingdom  is  fupplied  with 
the  rain  neceflary  for  it’s  fupport. 

In  chemiftry,  this  operation  is  ufed  for  fepa~ 
rating  two  fubftances  from  each  other,  of  which 
one,  at  lead:,  mu  ft  be  fluid,  and  whofc  degrees  of 
volatility  are  very  different.  By  this  means,  you 
may  obtain  a fait,  which  has  been  diffolved  ii\ 
water,  in  it’s  concrete  form  ; by  heating,  the  water 
is  combined  with  fire,  and  rendered  volatile,  while 
the  particles  of  fait  being  heavier  and  lefs  volatile 
are  left  behind,  and  unite  into  a folid  ftate.  As 
during  the  evaporation  the  fluid  carried  off  by  the 
fire  is  entirely  loft,  being  facrificed  for  the  fake  of 
the  fixed  fubftance  with  which  it  was  combined, 
this  procefs  is  only  employed  where  the  fluid  is  of 
fmall  value,  as  water.  When  the  fluid  is  of  more 
value,  the  chemifts  have  recourfe  to  diftillationi  in 
which  procefs  they  preferve  both  the  fixed  fubftance 
and  the  volatile  fluid. 

Of  Ebullition  and  Evaporation.* 

Ebullition  is  an  accidental  phenomenon,  de- 
pending on  the  air  contained  in  liquids  ; for  if  this 
be  thoroughly  expelled,  there  will  be  no  ebullition. 

You  have  feen  that  water,  in  vacuo , gives  out 
a great  quantity  of  air  in  bubbles  ; thefeare  formed 
in  the  midft  of  the  water,  increafe  in  fize,  and 
then  efcape.  When  no  more  bubbles  are  produced 
by  this  operation,  frefh  ones  may  be  obtained  by 
agitating  the  water;  ftill  more  may  be  difenga^ed, 
if  it  be  heated. 

Ihe  air  that  is  engaged  in  water,  is  prevented 

^ 3 from 

* See  “ Lettres  de  Mr.  de  Luc,  a M.  de  la  Methrie,  publifhed 
»n  the  Journal  de  Phyiifjuc,  for  1790,  1791,  1 792.” 
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from  feparating  the  particles  thereof,  by  the  pref- 
fure  of  the  atmofphere : when  this  preffure  .is 
removed,  thole  particles  of  air  which  are  moft  fa-^ 
vourably  fituated,  begin  to  move  with  more  liberty, 
and  by  their  impact  to  augment  the  fpaces  in 
which  they  are  contained,  thus  giving  room  for 
other  particles  to  difengage  themfelves,  and  form 
fmall  bubbles ; thefe  being  unequal  in  fize,  rife 
with  different  velocities  ; in  rifing  they  often  meet 
find  unite,  and  the  fpace  they  thus  conjointly  oc- 
cupy, is  larger  than  the  fum  of  the  feparated  fpaces. 
This  is  the  caufe  of  the  flrff  phenomenon  above 
mentioned ; for  by  agitating  the  water,  fpaces  are 
formed  void  of  air,  into  which,  other  particles  of 
this  fluid  difengaging  themfelves  from  the  fides 
of  the  water  furrounding  the  empty  fpace,  enter ; 
find  thus  are  frefli  bubbles  of  air  formed,  which 
would  not  have  been  difengaged  without  this  agi- 
tation of  the  water.  Laftly,  by  a frefh  degree  of 
heat  applied  to  the  water,  an  expanjible  fluid  is  in- 
troduced therein,  that  is  more  fubtil  than  air,  and 
is  always  in  motion  in  the  interftices  between  the 
particles  of  water : by  feparating  thefe,  it  enables 
thofe  of  air  to  difengage  themfelves,  and  thus  form 
more  bubbles  thereof. 

Now7  if  all  the  air  that  is  contained  in  any 
liquid  be  expelled,  that  liquid  would  never  boil, 
neither  in  vacuo,  nor  in  open  air : it  would  then 
only  evaporate  at  it’s  furtace ; the  evaporation 
would  indeed  be  flower,  but  would  flill  be  regu- 
lated by  the  fame  laws  ; and  at  the  fame  temperature , 
the  vapours  ariling  therefrom,  would  be  as  denfle  as 
thofe  procured  by  ebullition  from  liquids  not  purged 
of  air ; for  the  degree  of  heat,,  at  which  liquids 
boil,  is  that  where  the  vapour  is  capable  alone 
of  fupporting  the  incumbent  preffure,  the  vapour 
being  formed  in  the  bofom  of  the  fluid,  as  foon  as 
there  is  any  folutionof  continuity. 


This 
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This  reafoningis  confirmed  by  an  experiment 
made  by  Mr.  Watt,  who  conveyed  fome  water  into 
a barometer  tube;  the  upper  part  of  the  tube  being 
formed  into  a ball,  and  the  air  being  expelled  en- 
tirely from  the  water  it  contained,  the  ball  wasintro- 
duced  into  a vclfel  of  fait  water;  this  was  gradually 
heated ; the  increafe  of  the  heat,  the  march  of  the 
water,  and  the  correfponding  deprellion  of  the 
mercury,  were  carefully  noted. 

The  moment  the  fleam  or  vapour,  at  the  top 
of  the  inftrument,  had  attained  the  boiling  heat, 
the  mercury  in  the  barometer  was  deprefted  to  the 
level  of  that  in  the  bafon ; the  vapour  in  the 
inftrument  was  therefore  then  of  the  fame  denftty, 
as  thofe  which  the  water  therein  would  have  formed 
if  it  had  boiled  ; whereas  in  the  prefent  experiment, 
there  was  no  ebullition.  In  proportion  as  the  fait- 
water  was  more  heated,  the  denftty  of  the  vapours 
increafed,  and  the  mercury  in  the  tube  fell  beneath 
the  level  of  that  in  the  bafon,  till  at  laft  it  was 
driven  entirely  out  of  the  tube : there  was  ftill, 
however,  no  ebullition,  though  the  heat  was  many 
degrees  above  the  boiling  point. 

The  depreftion  of  the  column  of  mercury,  and 
the  correfponding  augmentation  of  heat  in  the 
water,  coincided,  as  nearly  as  could  be  expedled, 
with  the  heat  aftumed  in  other  experiments  by 
boiling  water,  under  different  degrees  of  incumbent 
prelfure. 

From  this  experiment  you  will  naturally  infer, 
firft,  that  ebullition  is  only  an  accidental  pheno- 
menon, arifing  from  the  air  inclofed  in  the  liquid. 
Secondly,  that  with  the  fame  temperature,  fimilar 
vapours  are  detached  from  water,  whether  it  boils 
or  not.  Thirdly,  that  ebullition  does  not  take 
place,  until  the  vapour  produced  in  the  liquor  has 
acquired  a degree  of  ex  pan  five  force  fufheient  to 
raile  the  liquor  into  bubbles  under  that  preffure. 


It 
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It  now  remains  to  be  explained  how  vapour 
is  produced  in  boiling  water,  and  by  what  means 
the  permanent  or  conftant  heat  of  boiling  water 
is  preferved  under  the  fame  prefTure.  Thefe  phe- 
nomena are  eafily  explained  by  experiment,  for 
this  will  {hew  you  that  vapour  is  formed  in  the 
midft  of  water,  by  means  of  the  bubbles  of  air 
that  are  difengaged  therein.  Thefe  bubbles  form 
a folution  of  continuity  into  which  the  vapour  en- 
ters, and  is  then  expanded  and  united  with  fire ; 
hence  an  evaporation  which  cools  the  fluid,  and 
preferves  it  at  a certain  temperature. 

When  the  heat  is  fmall,  the  vapour  that  is 
formed  is  fo  rare,  as  not  to  increafe  the  natural 
effort  of  the  bubbles  of  air  in  efcaping;  but  when 
the  heat  increafes,  the  fleam  or  vapour  that  enters 
the  bubbles  of  air,  becomes  more  denfe,  and  the 
bubbles  are  enlarged  ; the  heat  being  further  aug- 
mented, the  fleam  contained  in  the  bubbles  be- 
comes fufficiently  denfe  to  furmount  the  prefTure  of 
the  w ater,  it  then  enlarges  the  fpace  in  which  it  is 
contained,  and  wrould  do  this  indefinitely,  if  it 
were  prevented  efcaping  from  the  furface.  M.  de 
Luc  put  into  a retort  with  a long  neck,  fome 
water,  which  was  fo  perfectly  freed  from  air,  that 
no  bubbles  were  difengaged  till  it  had  attained  the 
boiling  heat ; the  retort  was  held  in  an  inclined 
pofition,  to  prevent  the  fleam  from  efcaping  by  the 
neck:  in  this  pofition,  one  bubble  of  air  difengaged 
itfelf,  and  gave  rife  to  fo  much  fleam,  as  forced 
out,  in  one  mafs,  nearly  half  the  water  that  was 
contained  in  the  retort;  proving  that  a certain 
degree  of  heat  is  neceflary  to  form  fleam  fufficient- 
ly denfe  to  overcome  by  itfeli  the  incumbent 
prefTure. 

The  bubbles  of  air,  and  included  fleam,  are 
formed,  and  efcape  w ith  lefs  heat,  w hen  there  is 

lefs  prefTure  on  the  furface.  Thus,  when  the  pref- 
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fure  of  the  atmofphcre  is  removed,  water  will  boil 
with  a heat  not  exceeding  95  degrees,  that  is,  117 
degrees  bclowr  the  heat  required  under  the  ordinary 
preffure  of  the  atmofphere. 

The  greater  the  preffure,  the  greater  is  the 
degree  of  heat  neceffary  for  ebullition,  infomueix 
that  in  Papin’s  digeffer,  water  acquires  a degree  of 
heat  equal  to  that  of  metals  when  red-hot. 

As  foon  as  the  fteam  is  formed,  and  efcapes, 
the  water  becomes  colder,  but  foon  regains  it’s 
former  heat  by  frefh  fupplies  of  fire.  Ihe  water 
is  cooled  by  the  formation  of  the  vapour  within  it; 
thus  the  quantity  of  water  is  diminifhed,  but  the 
heat  remains  the  fame,  being  neither  increafed 
nor  diminifhed  ; the  continued  application  of  fire, 
by  converting  a greater  portion  into  vapour,  is 
carried  off,  fo  that  by  the  evaporation  the  heat  of 
the  boiling  point  is  fixed : this  is  rendered  evident 
by  experiment.  Thus  Mr.  de  Luc  having  expelled 
the  air  from  fpirit  of  wine,  found  it  was  capable  of 
fuftaining  the  heat  of  boiling  water  ; he  thence  in- 
ferred, that  by  expelling  the  bubbles  of  air  from 
water,  he  fhould  make  this  fluid  fupport  a greater 
degree  of  heat  than  212  degrees.  He  made  the 
experiment,  and  it  fucceeded  according  to  his  ex- 
pectation ; when  all  the  air  was  expelled,  no  vapour 
efcaped,  becaufe  none  of  thefe  bubbles  wrere  formed, 
and  the  water  at  the  common  preffure  of  the  at- 
mofphere, fuftained  a heat  22  degrees  greater  than 
that  of  the  common  boiling  point  : hence  alfo  it  is 
evident,  that  fteam  or  vapour  can  only  be  formed 
at  the  free  furface  of  fluids. 

It  was  found  in  the  courfe  of  thefe  experiments, 
that  whenever  the  thermometer  had  rifen  above 
the  boiling  point,  it  immediately  fell  again  to  that 
point ; the  formation  and  efcape  of  frefh  bubbles 
as  it  were  cooling  it  down  to  that  heat. 

Accurately  fpeaking,  therefore,  the  boiling 

point. 
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point  is  only  fixed  and  certain  in  the  Beam  which 
cfcapes  ; for  the  temperature  of  the  water  varies , 
being  fometimes  above,  fometimes  below  this  point, 
but  always  falls,  when  higher,  immediately  on  the 
efcape  of  fleam  bubbles.  The  greater  the  degree 
of  heat  that  is  applied  to  the  water,  the  more  rapid 
are  thcfe  ofcillacions  of  temperature.  The  mean 
temperature,  however,  remains  the  fame,  and  the 
only  effect  of  a greater  degree  of  heat,  is  to  produce 
from  the  water  lleam-bubbles  of  a confiant  tempe- 
rature, in  greater  number,  and  with  more  rapi- 
dity. 

You  may  from  thefe  experiments  comprehend 
why  liquids  are  cooled  by  evaporation,  as  well  as 
the  nature,  of  evaporation  itfelf ; the  particles  of 
fire  being  very  fubtil,  penetrate  and  traverfe  all 
bodies  continually,  in  every  direction,  and  under- 
go therein  the  various  modifications  already 
deferibed  : the  permanency  of  the  fame  tempe- 
rature in  any  body,  and  in  the  air  furrounding  it, 
will  therefore  depend  on  an  equilibrium  in  the 
fimultaneous  paffage  of  the  particles  of  fire  from 
that  body  into  the  air,  and  from  the  air  into  that 
body ; and  this  equilibrium  exifts,  wherever  fire 
meets  the  fame  refiftance  at  coming  in  and 
going  out,  as  in  folid  fubftances,  or  in  fluids  in- 
clofed  in  folids.  But  the  cafe  is  different  with 
thofe  that  have  one  furface  free  or  expofed,  as 
fluids;  for  here  the  fire  that  enters,  does  not 
compenfate  for  what  goes  out ; the  latter  being  lefs 
refilled  than  the  former,  the  fire  paiTes  out  more 
rapidly  than  it  enters,  carrying  away  with  it  the 
molecules  of  wathr,  which  it  meets  with  at  the 
furface.  By  this  means  the  fluid  is  rendered  cooler 
than  the  ambient  air,  and  the  efledt  is  greater  in 
proportion  as  the  molecules  of  the  fluid  yield 
more  eafily  to  the  impreilion  of  the  particles  oi 
fire. 


When 
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When  the  molecules  that  have  been  thus  de- 
tached from  the  general  mafs,  keep  at  a certain 
di fiance  from  each  other,  (which  diftance  is  regu- 
lated by  the  temperature ,)  they  remain  united  with 
the  particles  of  fire,  and  vapour  is  therefult,  which 
may  be  confidered  as  an  expanfible  fluid , that  ob- 
tains from  fire  it’s  peculiar  properties,  while,  like 
other  mixtures,  it  acquires  qualities  which  are 
not  perceivable  in  the  feparated  ingredients  : but 
if  the  particles  of  vapour  or  fleam  are  brought 
within  the  above  difiances,  they  unite  and  are 
precipitated. 

According  to  the  experiments  of  Mr.  Watt, 
boiling  (learn,  when  the  barometer  is  at  28  inches, 
occupies  1 800  times  mere  fpace  than  the  water 
from  which  it  proceeds.  This  fieam  is  pure,  and 
it’s  peculiar  character  is  to  be  fufficient  of  itfelf 
to  fupport  the  prefilire  of  the  atraofphere.  If  you 
increafe  the  fpace  occupied  by  a given  mafs  of 
this  fieam,  preferving  the  fame  temperature,  it 
dilates,  and  fills  this  fpace,  feeming  to  have  no 
other  limits  of  expanlion  than  the  fpace  in  which 
it  aefis;  but  if  you  make  it  occupy  a lefs  fpace,  a 
portion  of  the  fleam  or  vapour  is  defiroyed,  with- 
out diminifiiing  the  denfity  of  what  remains  : in 
this  cafe,  a portion  of  the  water  is  precipitated,  and 
a portion  of  fire  difengaged.  The  liberation  of 
fire  will  retard  the  deflrudlion  of  the  remaining 
fieam,  unlefs  it  efcapes  through  the  veiled  in  which 
the  fieam  is  confined. 

The  evaporation  of  a drop  of  water  at  the 
top  of  a barometer,  deprefied  the  mercurial  co- 
lumn half  an  inch,  when  the  thermometer  was  at 
5 7 degrees  ; the  vapour  alone,  in  .this  infiance, 
and  with  this  temperature,  fupported  a column  of 
mercury  of  half  an  inch.  If  the  column  of  mer- 
cury was  raifedby  adding  more  mercury  at  bottom, 
the  depreffion  of  the  barometric  column  was  Hill 
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the  fame  ; a part  of  the  fleam  was  deflroyed,  but 
the  refidue  preferved  the  fame  denfity  till  the  whole 
was  deflroyed.  This  experiment  agrees  with  one 
oi  Mr.  Nairne’s,  already  mentioned. 

By  confidering  w hat  has  been  faid,  you  will 
find  that  the  air  has  had  no  concern  in  the  for- 
mation of  vapour ; for  in  the  experiments  with 
boiling  w^ater,  it  is  excluded  by  the  (team  itfelf, 
and  in  experiments  made  in  vacuo,  it  was  ex- 
tracted ; yet  in  both  cafes,  the  fame  phenomena 
take  place  as  where  air  is  prefent.  Melfrs.  de  Luc 
and  Sauffure  have  further  proved  this.  I fhall  how- 
ever only  relate  one  more  experiment.*  A baro- 
meter was  placed  in  a veffel  filled  with  air  ; the 
vapour  contained  in  this  being  abforbed  by  proper 
falts,  a moiflened  rag  wras  placed  therein,  and  then 
the  veffel  was  fealed.  The  barometer,  w hen  in- 
clofed,  wras  at  27  inches,  the  thermometer  about 
64  degrees  ; the  greatefl  degree  of  evaporation 
raifed  the  barometer  to  27-5-  inches,  thus  coin- 
ciding, as  nearly  as  could  be  expected,  with  the 
experiments  of  Meffrs.  Nairne  and  Watt. 

The  phenomena  of  aqueous  vapour  are  therefore 
dearly  the  fame  in  open  air  as  in  vacuo . The  den- 
Lty  of  the  vapour  is  the  fame  every  where,  and  at 
any  temperature,  provided  the  particles  thereof 
keep  at  a certain  diflance  from  each  other.  It  is 
equally  indifferent  whether  they  be  expanded  in 
air  or  in  vacuo,  fo  that  they  are  not  forced  by 
preffure  w ithin  this  difiance.  Now  the  particles 
of  vapour  in  vacuo  are  not  better  fecured  by  the 
fides  of  the  veffel  from  the  preffure  of  the  atmo- 
phere,  than  thofe  in  open  air  are  by  the  air  itfelf 
with  which  they  are  intermingled,  becaufe  this  air 
alone  already  refills  this  preffure. 

A portion  of  vapour  is  at  any  time  deflroyed 
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by  condenfing  the  air  with  which  it  is  intermin- 
gled. It  is  indeed  a general  obfcr.vation,  that  hu- 
midity is  increafed  by  condenfing,  and  diminifhed 
by  dilating  the  air.  In  the  fame  manner  in  vacuo, 
at  every  temperature  humidity  increafes,  when 
the  particles  of  vapour  approach  within  a certain 
diftance,  and  diminifn  when  they  recede  further. 

Thus  does  every  phenomenon  prove  that  the 
hypothecs  of  the  dijfolution  of  water  by  airy  is  vague , 
without  any  folid  foundation , unneceffary  for  the  ex- 
planation of  evaporation , and  involving  every  branch 
of  philofophy  in  obfcurity. 

• f 

Of  the  Latent  Fire  in  Steam  or  Vapour. 

Boiling  water,  when  examined  by  a thermo- 
meter, is  not  fenfibly  hotter  after  boiling  feveral 
hours  than  when  it  began  to  boil though  to  main- 
tain it  at  that  degree  of  temperature,  a brifk  fire 
mu  ft  be  neceffarily  kept  up.  What  then  becomes 
of  this  great  wafte  of  fire  ? It  is  not  in  the  water, 
nor  is  it  manifefted  by  the  fteam,  for  upon  exa- 
mination, this  is  rarely  found  to  be  hotter  than 
boiling  water.  Dr.  Black  has  proved  that  this  fire 
is  abforbed  by  the  vapour,  and  that  what  is  fo  ab- 
forbed,  is  absolutely  neceffary  to  the  exigence  of 
water  in  the  form  of  an  elaftic  fluid,  but  which 
does  not  increafe  it’s  temperature. 

The  following  experiments  of  Dr.  Black  will 
render  this  fubjedt  very  plain  to  you.  Having  the 
opportunity  of  ufing  what  is  called  a kitchen  table, 
or  a large  thick  plate  of  call  iron ; he  heated  one 
end  thereof  red-hot,  and  placed  thereon  tw;o  flat 
circular  iron  veffcls,  of  about  four  inches  diameter, 
and  containing  equal  quantities  of  water  ; the  tem- 
perature of  the  water  w7as  noted  when  it  w as  placed 
on  the  table,  when  it  began  to  boil,  and  when  it 
was  nearly  boiled  away.  In  four  minutes  it  began 
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to  boil,  and  fend  forth  fleam,  and  in  the  fpace  of 
20  minutes,  the  plate  being  Hill  of  the  fame  heat, 
the  water  was  wholly  evaporated.  At  the  begin- 
ning of  the  experiment,  the  water  was  at  54  degrees; 
in  4 minutes,  it  rofe  1 58  degrees,  or  to  the  boiling 
point ; during  each  of  the  fucceffive  4 minutes,  it 
received  the  fame  quantity  of  heat ; that  is,  in  20 
minutes,  5 times  1 5 8,  or  790  degrees.  If  the  fleam 
had  gone  off  with  great  velocity,  we  might  have 
faid  that  it  was  a fenfible  effeeff  of  the  increafe  of 
heat ; but  as  neither  the  heat  of  the  water  is  in- 
creafed  by  boiling,  nor  the  fleam  fent  off  with  any 
remarkable  celerity,  we  may  reafonably  conclude 
that  the  fire  is  abforbed  by  the  fleam,  and  becomes 
one  of  it’s  component  parts.  The  furplus  heat  is 
neither  fenfible  in  the  water,  nor  the  fleam  ; for  if 
you  apply  a thermometer  to  the  fleam,  you  will 
not  find  it  hotter  than  the  boiling  water. 

This  conclufion  is  further  flrengthened  by  the 
heat  given  out  by  fleam,  on  it’s  being  condenfed 
by  cold : this  is  particularly  manifefl  in  the  con- 
denfation  of  this  fluid,  in  theprocefs  of  diflillation; 
where,  upon  examining  the  refrigeratory,  you  will 
find  that  a much  greater  quantity  of  heat  is  com- 
municated to  it,  than  could  poffibly  have  been 
tranfmitted  by  the  heat  which  was  ailing  fenfibly 
before  the  condenfation : this  may  be  cafily  afeer- 
tained  by  obferving  the  quantity  of  heat  communi- 
cated to  the  water  in  the  refrigeratory  of  a flill,  by 
any  given  quantity  of  liquid  that  comes  over.  Thus, 
if  the  refrigeratory  contains  100  pounds  of  water, 
and  the  diflillation  be  continued  till  one  pound  has 
come  over,  fuppofingthe  water  in  the  refrigeratory 
to  have  received  8 degrees  of  heat ; if  the  whole 
of  the  quantity  thus  received,  could  be  thrown 
into  one  pound  of  water,  the  latter  would  receive  800 
degrees.  But  that  this  quantity  of  heat  is  received 
by  the  refrigeratory,  has  been  proved  by  experi- 
ments ; 
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ments;  which  confequently  {hews  that  water,  when 
converted  into  vapour,  abforbs  above  800  degrees 
of  heat. 

Dr.  Black  put  fome  water  into  a flrong  phial, 
having  a thermometer  in  it,  and  flopped  clofely 
with  a cork  : this  he.expofed  to  a fand  heat,  and 
brought  the  thermometer  20  degrees  above  the 
boiling  point ; which  was  eafily  effected,  as  the 
preffure  of  the  fleam  on  the  water,  made  the  fluid 
capable  of  greater  acceflions  of  heat.  He  then 
pulled  out  the  cork,  fuppofing  that  the  water  would 
immediately  difappear,  by  flying  out  in  vapour. 
This  did  not  happen  ; for  upon  taking  off  the  me- 
chanical preffure,  afuddenand  very  tumultuous  ebul- 
lition enfued,  during  which  a portion  of  the  water 
was  forced  out  of  the  phial,  together  with  a quan- 
tity of  fleam  ; the  water  in  the  phial  funk  down  to 
212,  almofl  as  foon  as  the  cork  was  pulled  out. 
Now  as  the  additional  heat  does  not  appear  in  the 
water,  though  the  minute  before  it  added  fcnfibly 
in  it,  we  may  conclude  that  the  fire  occafionino-  it 
is  combined  with  the  fleam. 

Mr.  Watt,  under  the  direction  of  Dr.  Black, 
put  a quantity  of  water  into  Papin’s  digefler,  and 
raifed  it  to  41 2 degrees.  After  con  fining  the  fleam 
for  a long  time  in  fuch  a preffure,  he  judged  that 
upon  admitting  the  air,  and  giving  vent  to  the 
obflrubted  fleam,  the  whole  mafs  of  water  would 
inflantly  evaporate  ; this  was  not  however  the  cafe, 
a quantity  of  fleam  flew  out  with  confiderable 
noife,  and  with  fuch  impetuofity,  as  to  rattle  feve- 
ral  times  againft  the  ceiling  of  the  room  ; yet  far 
the  greater  part  of  the  water  remained,  which  im- 
mediately funk  to  212  degrees;  whence  it  w>as 
concluded,  that  the  fire,  thus  put  in  action,  was 
abforbed  by  the  fleam,  by  which  means  the  'tem- 
perature of  the  water  was  reduced  to  the  boilinp- 
point.  In  this  experiment  the  water  was  heated 
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200  degrees  above  the  boiling  point.  If  the  con- 
verfion  of  water  depended'  merely  on  the  quantity 
of  fenfible  heat,  the  whole  of  the  water  muff  have 
been  evaporated,  whereas  a fmall  quantity  only 
went  off  in  vapour. 

I have  already  dwelt  a confiderable  time  on 
this  fubjecl;  but  the  importance  of  it  towards  a 
right  underffanding  of  the  moff  part  of  the  phe- 
nomena in  nature,  will  be  a fufficient  excufe,  and 
will,  1 am  fure,  encourage  you  to  hear  with  atten- 
tion an  account  of  further  experiments  on  this 
intereffing  branch  of  philofophy  ; the  more  fo  as 
you  are  fenfible  that  natural  philofophy  confiffs  in 
exploring,  by  experiment,  the  phenomena  refulting 
from  the  mutual  adtion  of  different  bodies  on  each 
other ; as  thefe  phenomena  are  innumerable,  expe- 
riments muff , be  fo  alfo  ; for  no  arithmetic  can 
reckon  up  the  various  ways  in  which  terreffrial 
bodies  may,  by  natural  and  artificial  means,  be 
brought  to  operate  on  each  other. 

If  eight  pounds  of  iron  filings,  at  212  degrees, 
be  mixed  with  a pound  of  water  at  32  degrees,  the 
temperature  of  the  mixture  will  be  122  degrees 
nearly ; the  iron  will  be  cooled  90  degrees,  and 
the  water  heated  90  degrees. 

But  if  eight  pounds  of  iron  filings,  at  300  de- 
grees, be  mixed  with  a pound  of  water  at  212 
degrees,  the  temperature  of  the  mixture  will  be 
212  degrees,  and  a part  of  the  water  will  be  fen- 
fibly  converted  into  vapour  : if  a fenfible  thermo- 
meter be  fo  fufpended  as  to  be  in  contact  w;ith  the 
vapour  thus  produced,  it  will  be  found  alfo  at  the 
temperature  of  212  degrees.  In  this  experiment, 
you  fee  that  88  degrees  of  fire,  feparated  from  the 
iron,  raifed  a portion  of  the  water  into  the  form  of 
vapour,  but  did  not  increale  the  temperature  there- 
of ; the  vapour  that  efcaped  wras  alfo  at  the  boiling 
point*  As  the  fire  feparated  from  the  iron  is  not 
2 * communi- 
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communicated  to  the  water,  it  muft  neceffarily  be 
abforbed  by  the  vapour. 

From  thefe  experiments  it  evidently  appears, 
that  fire  may  fo  exift  in  bodies,  as  not  to  difeover 
itfelf  in  any  other  way  than  by  it’s  action  on  the 
minute  parts  of  the  body ; and  that  this  adion 
may  be  fuddenly  changed  fo  as  to-  be  no  longer 
direded  on  the  particles  of  the  fubftance  itfelf,  but 
upon  external  objeds,  in  which  cafe  we  perceive 
it’s  adion  by  the  fenfe  of  feeling,  or  difeover  it  by 
the  thermometer.  It  alfo  appears  from  thefe  ex- 
periments, that  water,  in  it’s  fluid  ftate,  hath  as 
much  fire  combined  with  it  as  it  can  contain,  and 
yet  remain  in  that  ftate ; in  other  words,  the 
elementary  fire  within  it  expands  or  feparates  it’ s 
parts  from  each  other  as  much  as  is  confiftent  with 
it’s  confiitution  as  water . 

If  any  more  is  added,  it  cannot  be  abforbed 
or  combined,  or  dired  it’s  force  on  the  particles  of 
the  water,  without  railing  them  in  vapour : part, 
therefore,  of  this  additional  expanfive  power  will 
be  employed  in  the  formation  of  vapour,  and  the 
reft  will  be  communicated  to  the  neighbouring 
fubftanccs. 

It  alfo  appears  as  evident  as  experiment  can 
make  it,  that  fire  is  the  caufe  of  fluidity  \ now  as 
fire,  when  producing  heat,  expands  bodies  in  every 
diredion,  we  may  conclude  that  it  ads  as  from  a 
center  towards  a circumference,  and  that  cold  is  a 
diminution  of  this  adion,  or  a condenfationfrom  a 
circumference  towards  a center;  confequently  when 
the  expanfive  adion  of  fire  is  confined  within,  the 
iurface  of  the  body,  it  cannot  affed  the  thermo- 
meter, and  may  be  called,  in  this  fenfe,  latent  fire . 
When  the  expanfive  adion  is  transferred  from  the 
internal  parts  of  the  fubftance  to  the  furface,  it 
then  affects  the  thermometer,  though  congealing 
Vol.  I.  X 6 * 
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or  freezing,  the  latent  fire  being  then  rendered 
fenfible. 

A certain  degree  of  expanfive  power  exifts  in 
all  bodies;  this  has  been  termed  the  fpecific  fire  of 
the  body.  When  the  expanfive  adtion  of  lire,  w i th- 
in any  fubftance,  becomes  greater  than  is  con- 
fident with  the  cohefion  of  that  fnbftance,  it  is 
diftipated  or  refolved  iilto  vapour : this,  however^ 
may  be  effected  in  fuch  a way,  that  this  fire  may 
ftill  ad  upon  the  feparatcd  parts,  without  exerting 
any  of  it’s  force  upon  external  fubftances;  and 
consequently  vapour  will  continue  to  exift  as  fuch 
in  a degree  of  heat  much  below  that  at  which  it 
was  produced.  When  this  latent  fire  is  trans- 
ferred to  other  bodies,  the  vapour  ceafes  to  be 
vapour,  is  condenfed,  and  in  mail  cafes  returns  to 
it’s  original  ftate. 

Every  fubftance  has  a proper  proportion  of 
fire  combined  with  it;  confequently  whenever  it  is 
decompofed,  or  new  combinations  take  place, 
there  will  be  either  an  equal,  a fmaller,  or  a greater 
quantity  of  fire  employed  : if  an  equal  quantity  is 
ufed,  there  will  be  no  fire  difengaged,  nor  anv 
abforbed ; in  other  words,  no  portion  of  liberated 
fire  will  be  combined,  nor  will  any  that  was  com- 
bined be  fet  at  liberty.  But  in  the  fecond  cafe, 
where  lefs  fire  enters  into  the  new  combination, 
than  was  in  the  preceding  one,  a portion  of  the 
fire  that  was  combined,  before  the  decompofition, 
will  be  fet  at  liberty,  and  will  remain  difengaged  ; 
after  the  recompofition,  it  will  re-alfume  it’s  pro- 
perties, and  will  produce  the  effedt  we  call  heat, 
and  will  diftipate  itfelf  infenfibly  among  the  fur- 
rounding bodies.  In  the  third  cafe,  when  more 
fire  enters  into  the  new  combination  than  was 
there  before,  the  fire  from  the  furrounding  bodies 
will  be  abforbed,  and  pafs  from  the  ftate  of  free, 
to  combined  fire ; as  the  furrounding  bodies  are 
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thus  deprived  of  a portion  of  their  free  fire,  they 
will  therefore  become  colder,  and  continue  fo  till 
the  equilibrium  is  reftored  by  lire  from  other 
bodies. 

You  have  thus  a fenfible  and  clear  criterion, 
by  which  you  may  diftinguifh  when  fire  is  difen- 
gaged  or  abforbed  in  any  combination  whatfoever  ; 
in  the  fir  ft  cafe  the  furrounding  bodies  will  be 
heated,  in  the  fecond  cooled. 

As  whenever  fire  is  abforbed  by  entering  into 
combination,  cold  is  produced,  we  may  infer  that 
whenever  cold  is  perceived,  a quantity  of  liberated 
fire  is  become  combined,  or  that  there  has  been  an 
abforptionof  fire  by  the  combination. 

Now  as  in  the  formation  of  vapours,  cold  is 
always  produced,  we  may  be  allured  that  fire  is 
abforbed  when  vapours  are  formed,  or  that  vapours 
tefult  from  the  combination  of  fire  with  a fluid 
reduced  to  a vaporous  hate. 

As  an  objection  may  be  made  to  the  foregoing 
tneory,  it  will  be  necefTary  to  conlider  it  before  we 
proceed  any  further.  If  no  aeriform  fluid  can  be 
formed,  fays  the  objedtor,  without  a portion  of 
Are  palling  into,  and  being  combined  with  it,  cold 
ought  always  to  be  produced  in  the  formation  of 
every  aeriform  fluid  ; whereas  in  the  combination 
of  calcareous  earths,  and  effervefeing  alkalies  with 
acids,  inltead  of  cold  a fenlible  heat  is  generally 
obferved  during  the  formation  of  the  fixed  air. 

I his  phenomenon,  far  from  invalidating  the 
former  theory,  only  proves,  that  in  thefe  combi- 
nations, more  fire  is  difengaged  than  is  neceflary 
for  forming  the  fixed  air,  which  is  clearly  proved 
by  fhewing  that  the  quantity  of  heat  may  be  in- 
creafed  or  diminifhed  at  pleafure,  according  as  the 
quantity  of  fixed  air  in  the  alkali  is  increafed  or 
dimmilhed : volatile  alkali  alone,  fully  faturated 
with  fixed  air,  produces  cold  inltead  of  heat,  when 
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the  air  is  difengaged  therefrom.  Mr.  Lavoifleb 
has  made  a great  many  very  fatisfadlory  experiments* 
on  this  head. 

Of  the  Cold  produced  by  Evaporation. 

i 

You  have  feen  that  evaporation,  though  pro- 
duced by  lire,  is  a caufe  of  cold  ; it  is  indeed  the 
principal  means  ufed  in  the  proceffes  of  nature  for' 
regulating  the  temperature  of  the  earth.  To  un- 
derhand it’s  operations,  and  have  a proper  idea 
of  this  procefs,  I fhall  {hew  you  fome  very  curi- 
ous experiments,  and  relate  others;  pointing  out,, 
at  the  fame  time,  fuch  applications  of  this  general 
phenomenon,  as  cannot  fail  to  render  it  highly  in- 
tereiling. 

Take  this  thermometer  filled  with  water,  and 
plunge  the  ball  in  water,  letting  it  remain  there  till 
it  is  of  the  fame  temperature  ; then  take  it  out,  and 
agitate  it  in  the  air,  the  water  on  the  furface  of  the 
ball  evaporates,  and  you  fee  that  in  the  thermo- 
meter falls : by  repeating  this  operation  a number 
of  times,  you  may  even  freeze  the  water  in  the 
ball. 

If  you  wrap  the  ball  of  a thermometer  with 
fine  linen,  and  keep  this  moifl  by  fprinkling  it 
with  ether,  and  then  agitate  or  move  it  brifkly  in 
the  air,  the  thermometer  will  defeend  to  o°. 
Spirits  of  wine,  ether,  and  many  other  fluids,  pro- 
duce a greater  degree  of  cold  than  water ; probably 
in  conl'equence  of  their  being  more  evaporable. 
The  degree  of  cold  produced  by  evaporation,  de- 
pends probably  on  the  velocity  with  which  it  is 
accomplifhed.  Now  the  promptitude  in  evapo- 
ration of  water  of  a definite  temperature,  depends 
partly  on  the  prevailing  degree  of  heat,  partly  on 
the  current  of  air  acting  on  the  thermometer,  and 
partly  on  the  drynefs  and  moifture  of  the  air. 

From  the  experiments  of  M.  Richmanny  wc 
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find , i.  That  a thermometer,  taken  out  of  water, 
and  expofed  to  the  air,  always  defcends,  even  when 
.it’s  temperature  is  equal  or  fuperior  to  that  of  the 
water.  2,  That  it  afterwards  rifes  till  it  has  at- 
tained the  temperature  of  the  atmofphere.  3.  That 
the  time  of  defcending  is  lefs  than  that  which  it 
employs  to  rife  again.  4.  That  when  the  thermo^ 
meter,  withdrawn  from  the  water,  hasarifen  to  the 
common  temperature,  it’s  buib  is  dry  ; but  that  it 
continues  wet  during  the  whole  time  of  it’s  Handing 
beneath  this  common  temperature. 

The  experiments  of  Dr.  Cullen  fhew  us,  1.  That 
a thermometer,  fufpended  in  the  receiver  of  an 
air-pump,  defcends  two  or  three  degrees  during 
exhauftion,  and  afterwards  rifes  to  the  temperature 
in  the  vacuum  of  air.  2.  A thermometer  plunged 
in  alcohol  in  the  receiver  of  the  air-pump,  always 
defcends ; and  that  lower  in  proportion  as  the  bub- 
bles are  ftronger  which  ifiue  from  the  alcohol.  If 
it  be  taken  Gut  of  the  liquor,  and  fufpended  wet  in 
the  receiver,  it  falls  8 or  10  degrees,  while  the  air 
is  pumping  out.  Dr.  Cullen  placed  fomc  very 
volatile  liquors  under  the  receiver  of  an  air-pump; 
one  of  thefe  was  ether  ; it  was  contained  in  aglafs, 
in  which  there  was  alfo  fome  water;  when  the  air 
was  extracted,  the  ether  began  to  boil,  and  to  be 
converted  into  vapour,  till  it  became  fo  cold  under 
the  receiver,  that  it  froze  the  water  contained  in 
the  veffel,  though  the  temperature  of  the  room 
w as  about  50  degrees. 

You  may  freeze  water  at  any  time,  by  the 
evaporation  of  ether;  for  this  purpofe  you  fhculd 
be  furnifhcd  with  a thin  glafs  tube,  to  hold  the 
water  like  this  in  my  hand,  and  a bottle  of  ether 
w ith  a capillary  tube  fitted  to  the  neck  : I fhall  keep 
the  outfide  of  the  glafs  tubewxtwdth  the  ether,  and 
the  fpeedy  evaporation  of  this  very  volatile  fluid 
will  foon  convert  the  water  into  ice,  and  this  it 
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will  do  even  before  a fire,  or  in  the  midft  of 
fummer. 

We  may,  therefore,  lay  down  the  following 
c ire  urn  fiances,  as  the  mofi  general  confequences 
that  arife  from  the  experiments  made  on  evapo- 
ration': i.  That  if  a thermometer  be  plunged  into 
any  evaporable  fluid,  and  immediately  taken  out 
again,  it  will  defeend  fevcral  degrees  while  the 
bulb  is  drying;  as  foon  as  the  fluid  is  all  erapo- 
rated,  it  will  begin  to  rife,  and  continue  to  do  fo 
until  it  has  acquired  the  temperature  of  the  fur- 
rounding  air.  2.  That  the  cold  produced  is  greater 
in  proportion  as  the  fluid  is  more  evaporable;  the 
bulb  of  a thermometer,  moiftened  with  water,  does 
not  defeend  fo  rapidly  as  one  wetted  with  fpirit  of 
wine  ; and  this  lefs  fo  than  one  moiftened  with 
ether.  3.  If  the  evaporation  is  accelerated  by  any 
means,  excepting  by  heat,  there  will  be  a propor- 
tionable augmentation  of  cold,  fo  that  evaporation 
is  not  only  productive  of  cold,  but  the  degree  of 
cold  depends  alfo  on  the  rapidity  of  the  evaporation, 
4.  That  by  continuing  to  wet  the  bulb  as  faft  as 
it  dries,  the  cold  continues  to  be  increafed,  becaufe 
the  producing  caufe  continues  it’s  abtion. 

Sailors,  in  calm  weather,  often  hold  up  a wet 
finger  in  the  air,  and  if  one  fide  of  it  becomes, 
in  drying,  colder  than  another,  they  expedt  wind 
from  that  quarter.  This  cuftom  is  not  without  it’s 
foundation,  for  an  almoft  infenlible  motion  in  the 
air,  will  evaporate  the  water  from  one  fide  of  the 
finger  fooncr  than  from  another,  and  thus  produce 
cold.  By  a fimilar  experiment,  you  may  experi- 
ence the  cold  produced  by  evaporation;  wet  your 
finger  by  putting  it  in  your  mouth,  and  then  hold 
it  up  in  the  air,  and  you  will  find  it  grow  cold  as 
the  moifturc  evaporates. 

Though  this  property  of  producing  cold  by 
evaporation  has  been  but  lately  obferved  by  che- 
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mifts,  yet  it  has  been  long  employed  by  thofe  who 
knew  nothing  of  the  operation.  It  has  been  ob- 
ferved  at  Aleppo,  in  Syria,  that  the  water  in  their 
jars  is  always  the  cooled:  when  the  weather  is  the 
warmed,  and  the  power  of  the  fun  exceffive.  The 
heats  in  that  part  of  the  world  are  fometimes  al- 
molt  intolerable,  and  at  that  time  the  evaporation 
from  the  outlide  of  the  jars,  which  are  made  of 
porous  earth,  is  very  copious,  and  the  cold  within 
is  in  proportion  to  the  quantity  of  water  evaporated 
from  without.  Kaempfer  relates,  that  the  winds 
are  fo  fcorching  on  the  borders  of  the  Perfian  gulph, 
that  travellers  are  fuddenly  fuffocated,  unlefs  they 
cover  their  heads  with  a wet  cloth  ; if  this  be  too 
wet,  they  immediately  feel  an  intolerable  cold, 
which  would  become  fatal  if  the  moifture  was  not 
fpeedily  difhpated  by  the  heat. 

Mr.  Swinburne  fays,  they  have  a kind  of 
earthen  jar  in  fome  parts  of  Spain,  called  buxaros , 
which  are  only  half  baked,  the  earth  of  which  is  fo 
porous,  that  the  outlide  is  kept  moifl  by  the  water 
that  filters  through  it,  and  though  placed  in  the 
fun,  the  water  in  the  pots  remains  as  cold  as  ice. 
The  blacks  at  Semigambia  have  a limilar  method 
of  cooling  water;  they  fill  tanned  leather  bags 
with  it,  and  hang  them  up  in  the  fun;  the  water 
oozes  more  or  lefs  through  the  leather,  fo  as  to 
keep  the  outward  furface  wet,  which,  by  it’s  quick 
and  continued  evaporation,  cools  the  water. 

The  manner  of  making  ice  in  the  Eafl  Indies 
depends  on  the  fame  principle,  that  of  producing 
cold  by  evaporation.  The  ice  makers  dig  pits  about 
30  feet  fquare,  and  2 deep,  on  large  open  plains : 
they  drew  the  bottoms  of  thefe  pits,  to  the  thick- 
nefs  of  about  8 inches  or  a foot,  with  fugar  canes, 
or  with  the  dried  hems  of  India  corn  : upon  this 
bed  they  place  a number  of  unglazed  pans,  which 
are  made  of  fo  porous  an  earth,  that  the  water  pene- 
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trates  through  their  whole  fub fiance  : thefe  pans, 
which  are  about  a quarter  of  an  inch  thick,  and  a 
quarter  deep,  are  filled  towards  the  dufk  of  the 
evening,  in  the  winter  feafon,  wifh  water  which 
has  been  boiled,  and  then  left  in  that  flotation  till 
morning,  when  more  or  lefs  ice  is  found  in  them 
according  to  the  temperature  of  the  air;  there  being 
more  formed  in  dry  and  warm  weather,  than  in  that 
which  is  cloudy,  though  it  may  be  colder  to  the 
human  body.  Every  thing  in  this  prpcefs  is  Calcu- 
lated to  produce  cold  by  evaporation ; the  beds,  on 
which  the  pans  are  placed,  fuffer  the  air  to  have 
a free  pafiage  to  their  bottoms,  and  the  pans,  in 
conflantly  oozing  out  water  to  their  external  fur- 
iace,  will  be  cooled  by  the  evaporation. 

Cellars  and  fubterraneous  vaults,  at  a certain 
depth,  are  commonly  dry  in  w'inter,  and  very  w7et 
in  fummer.  In  fummer,  the  air  is  hotter  than  the 
interior  of  the  earth  ; and  lire  which  always  tends 
to  an  equilibrium,  defcends  into  the  upper  Ihrata 
of  the  earth,  with  the  water  it  bears : it  depofits 
this  water  in  thefe  ftrata  fucceilively,  in  proportion 
as  it  penetrates  and  finds  them  colder  ; thus  they 
become  loaded  with  humidity  to  a certain  depth, 
and  retain  it,  until  by  a change  in  the  atmofphere, 
w hich  the  cold  brings  with  it,  the  lire  returns  from 
the  earth  to  the  air,  and  gradually  carries  away  with 
it  the  water  it  had  deposited  during  the  fummer. 

That  lire  effects  evaporation  with  great  energy, 
when  not  reftrained  by  the  air,  is, evident;  from  the 
following  fadt : in  the  upper  part  of  barometers, 
well  purified  from  air,  and  expofed  to  conlidcrable 
changes  of  temperature,  as  for  example,  at  a 
window  upon  which  the  fun  fhines,  you  will  fee 
the  mercury  raifed,  and  depofited  in  little  drops  on 
the  empty  part  of  the  tube  : thefe  drops  gradually 
increafe,  and  at  length  fall  back  by  their  weight. 
This  is  a real  diffillation,  wEich  takes  place  in  the 
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ordinary  temperature  of  the  atmofphere  ; the  fire, 
although  in  this  inffance  of  very  inconliderable 
denfity,  raifcs  the  mercury,  which  is  nearly  14 
times  heavier  than  water,  and  carries  it,  at  leaff,  to 
the  height  of  2 inches,  anddepoiits  it  on  the  coldeft 
Tide  of  the  glafs,  where  it  has  the  greateff  tendency 
to  traverfe  it.  This  is  one  among  many  pheno- 
mena which  fhews  that  evaporation  does  not  arife 
from  any  difToiving  power  in  the  air ; for  in  this 
cafe  the  air  was  excluded,  but  is  to  be  aferibed 
folely  to  the  agency  of  fire. 

It  is  on  thefe  principles  that  the  air  over  a wood 
or  foreft,  is  made  colder  by  the  evaporation  from 
trees  and  fhrubs.  Thus  plants  are  kept  in  a more 
moderate  air,  and  fecured  from  the  burning  heat  of 
the  fun,  by  the  vapour  perfpired  from  their  own 
leaves);  and  hence  the  fhade  formed  by  vegetable  bo- 
dies, is  more  effectual  to  cool  us,  as  well  as  more 
agreeable  in  itlelf,  than  the  fhade  of  rocks  and 
buildings. 

When  the  human  body  is  mod  heated,  the 
vapour  paffes  off  at  the  fkin  by  perfpiration.  If 
the  pores  arc  clofed,  what  fhould  evaporate  is 
reverberated,  and  works  inwardly  upon  the  body, 
like  the  ffeam  confined  in  Papin’s  digefter,  and  the 
blood  rifes  far  above  it’s  due  heat  into  a fever,  as 
w ater  in  that  veffel  rifes  far  above  the  heat  of  boil- 
ing: thus  numbers  of  labouring  people  fupport 
themfelves  in  the  height  of  fummer,  by  virtue  of  a 
copious  perfpiration,  which  they  replenifh  bydrink- 
ing plentifully;  ihe  liquor  is  carried  off  by  perfpi- 
ration, and  the  body  is  kept  cool  by  the  fire  which 
the  evaporation  of  the  fweat  carries  off.  The  work- 
men employed  in  glafs  houfes,  founderies,  &c.  often 
live  in  a medium  hotter  than  their  bodies,  the  na- 
tural temperature  of  which  is  equalized  and  mode- 
rated by  perfpiration. 

Thus  has  Providence  contrived  to  render  the 
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heat  of  the  torrid  zone  lefs  infupportable  to  the  in- 
habitants. An  intenfe  heat  bathes  the  body  in 
fvveat;  but  the  fvveat  being  evaporated,  carries 
with  it  a large  portion  of  the  fire  by  which  it  was 
occafioned,  and  thus  cools  the  body.  . If  evapo- 
ration be  increafed  by  agitation  of  the  air,  the 
refrigeration  is  greater;  hence  the  ufe  of  fans  and 
ventilators,  which,  though  intended  to  give  motion 
to  warm  air,  cool  likewife,  by  facilitating  and  fa- 
vouring evaporation.  Warm  and  dry  air  is  beft 
fiuited  to  form  a refrefliing  current,  becaufe  it  is 
more  calculated  to  carry  off  humidity  : from  hence 
alfo  we  may  fee  the  necefiity  of  frequently  renew- 
ing the  current  of  air  to 
our  apartments. 

Thefe  principles,  fays  M.  Chaptal,  have  alfo 
a nearer  relation  to  medicine  than  is  generally  fup- 
pofecl.  Moft  fevers  end  in  perfpirationy  which, 
befide  the  advantage  of  expelling  the  morbific 
matter,  pofTeffes  that  of  carrying  off  fire,  and  thus 
reftoring  the  body  to  it’s  common  temperature. 
The  phyfician,  who  is  defirous  of  moderating  the 
excefs  of  heat  in  the  body  of  a patient,  ought  to 
maintain  the  air  in  that  difpofition  which  is  moft 
lu  it  able  to  his  views. 

May  not  thefe  principles  account  for  the  effeeft 
of  forne  medicines  ? The  ufe  of  volatile  alkali  is 
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univerfally  acknowledged  in  burns,  the  tooth-ache, 
&c.  May  not  thefe  effects  be  attributed  to  the 
volatility  of  this  fubftance,  which  by  combining 
with,  and  carrying  off  fire,  leaves  an  imprdtion  ot 
cold  ? May  not  alfo  the  effect  of  ether,  which  is 
a fovereign  remedy  tor  the  cholic,  depend  on  the 
feme  principles  ? 

Moft  of  the  phenomena  of  evaporation  arc 
conveniently  and  elegantly  leeninthele  glafs  tubes, 
y//r.  7,  plate  <;,)  with  hollow  balls  at  their  extre- 
mities; the  balls-  freed  from  air,  and  hall  filled 
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with  water  or  fpirit  of  wine.  If  you  lay  hold  of 
each  ball  at  the  fame  time,  you  will  fee  no  ebul- 
lition in  either ; but  if  you  only  lay  hold  of  one, 
it  will  be  warmed  by  the  hand,  while  the  other  re- 
mains cold,  and  the  water  will  immediately  fly 
from  the  one  which  is  warmed,  and  rife  into  the 
other  which  remains  of  the  fame  temperature. 
When  the  water  is  all  gone  into  the  ball  furthel! 
from  your  hand,  you  fee  it  begins  to  boil,  and  this 
ebullition  will  halt  a long  time,  provided  you  keep 
your  hand  on  the  empty  ball. 

Thefe  phenomena  are  eaflly  explained  from 
what  has  been  already  fhewn  you;  the  fire  palling 
from  the  hand  into  the  glafs,  converts  into  vapour 
the  thin  coating  of  moifture  which  lines  the  ball  ; 
but  when  the  balls  are  equally  w armed,  thepreflure 
being  equal  on  both  fides,  the  vapour  cannot  adt 
and  develope  it’s  properties.  When  one  only  of 
the  balls  is  heated,  the  vapour  is  formed  in  great 
abundance,  and  forces  the  water  into  the  other  ; 
the  fire  at. the  fame  time  palling  through,  occalions 
the  ebullition  in  the  other,  by  forcing  up  the  vapour 
it  raifes  through  the  water  into  the  other  ball  ; the 
vapour  ariling  from  this,  parts  again  with  it’s  lire 
again!!  the  cooler  fides  of  the  glafs.  You  may  be 
ealily  convinced,  that  this  ebullition  is  occalioned 
by  the  vapour  raifed  by  the  heat  of  the  hand,  from 
the  humidity  which  coats  the  ball ; for  if  you  grafp 
this  ball  in  the  hand,  keeping  it  in  fuch  a pofition 
that  the  water  cannot  enter  it  again,  the  fides 
thereof  will  foon  become  quite  dry,  and  the  ebul- 
lition w ill  entirely  ceafe  : but  if  you  moiften  the 
inlide  of  the  ball  with  a drop  of  water,  the  ebul- 
lition will  immediately  commence. 

Another  remarkable  phenomenon  that  this  little 
infirument  prefents  to  your  attention,  and  which 
you  mud  already  have  obferved,  is  this ; that  as 
long  as  there  is  any  moifture  in  the  inlide  of  the 
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ball  to  be  changed  into  vapdlir,  the  hand  feels  a 
cool  fenfation,  although  it  is  clofely  grafped  there- 
by, all  the  fire  that  proceeds  from  the  hand  being 
combined  with  the  water,  to  change  it  into  an 
elaftic  vapour;  but  the  inftant  the  ebullition  and 
evaporation  ceafes,  the  ball  becomes  warm. 

1 You  may  demonfirate  with  this  inftrument,  in 
another  manner,  the  cold  produced  by  evaporation : 
for  this  pnrpofe,  hold  the  middle  of  the  tube  in 
the  hand,  and  in  an  horizontal  pofition,  the  bub- 
bles being  uppermoft,  and  containing  nearly  the 
fame  quantity  of  water  in  each.  Now  wafii  one  of 
them  two  o;  three  times  with  a hair  pencil  that 
has  been  dipt  in  fpirit  of  wine  or  ether,  and  you 
will  fee  all  the  water  pafs  into  the  moifiened  ball, 
and  begin  to  boil  with  force ; the  reafon  of  this 
phenomenon  is  very  plain,  the  evaporation  from 
the  moifiened  ball  has  carried  off  part  of  the  fire 
contained  therein;  the  vapour  in  this  ball  loling 
it’s  fire,  and  being  thereby  condenfed,  does  not 
a<£t  againft  that  in  the  other  ball,  which  prefles  the 
water,  and  this  occasions  the  ebullition. 

Here  is  one  of  thefe  inftruments,  (fig.  9>pl.  5,) 
fixed  upon  an  axis  with  the  balls  upwards,  and  a 
board  facing  them,  in  which  are  two  holes,  fa 
placed  as  to  correfpond  with  either  of  the  ball$ 
when  it  preponderates : place  this  before  the  fire, 
and  the  vapour  from  the  water  in  the  lower  ball 
will  foon  force  out  the  liquor  in  this  ball,  which 
afeending  into  the  other,  it  becomes  the  heaviefi, 
and  falls  down,  and  being  then  oppofite  to  the 
hole  facing  the  fire,  a portion  of  the  water  therein 
will  be  rarified,  and  force  the  reft  into  the  other 
ball  which  will  again  defeend.  It  is  not  improba- 
ble, fays  Dr.  Franklin,  that  this  power  of  eafily  mo- 
ving water  from  one  end  to  the  other  of  a moveable 
beam,  by  a fmall  degree  of  heat,  may  hereafter  be 
applied  advantageoufly  tofomemechanical  purpofes. 
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Of  Spontanequi  Evaporation. 

The  experiments  we  have  made  with  our 
fmall  glafs  apparatus,  have  prepared  us  for  the  con- 
fideration  of  that  fpecics  of  vapour  which  rifes  with 
very  little  heat,  and  is  in  general  imperceptible : 
as  this  evaporation  is  perfectly  quiet,  it  evidently 
proceeds  from  the  furface  only,  and  is  therefora 
proportionably  greater  as  the  furface  is  enlarged. 
Equal  quantities  of  water  being  put  into  two  un-c 
equal  veflels,  the  one  broad  and  fhallow,  the 
other  narrow  and  deep,  the  former  will  exhale 
much  more  abundantly  than  the  latter. 

It  has  long  been  thought  that  the  air  diflolves 
the  water,  and  thus  occafions  this  evaporation  -r 
but  this  opinion  does  not  leem  well  founded ; the 
contrary  has  indeed  been  already  proved.  There 
certainly  is  a conftant  flow  evaporation  from  fluids 
expofed  to  free  air ; yet  it  is  evident  that  fire  is  the 
principal  agent  concerned  in  this  evaporation,  from 
the  refrigeration  which  always  accompanies  the 
proccfs.  To  fuppofe  that  air  adts  upon  water  as  a 
menfiruum  or  folvent,  brings  us  only  to  the  fame 
conclufion;  for  how'  do  folvents  adt?  Not  by  any 
occult  virtue  in  the  folvents  themfelves,  nor  in  the 
matter  they  adt  upon ; but  on  fomething  adven- 
titious to  both. 

Water  diflolves  fait  as  a menftruum ; but  only 
junder  certain  conditions,  which  proves  that  the 
power  is  not  altogether  in  the  water,  but  in  fome- 
thing elfe,  Hot  water  will  receive  and  retain  many 
more  of  the  faline  particles,  than  water  which  is 
cold  and  lukewarm ; and  when  w ith  a certain  de- 
gree of  cold  water  becomes  fixed  into  ice,  it  lofes 
it’s  mobility,  and  can  difiolve  nothing. 

Further , as  all  motion  is  in  the  direction  •fit's 
caufe , wherefoever  you  fee  a body  move  in  any 
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diredlion,  you  may  fafely  affirm,  that  there  is  a 
caufe  adting  in  that  direction.  But  if  you  fuppofe 
'air  to  adt  as  a menftruum  on  water,  by  the  power 
of  attraction,  you  mu  ft  fuppofe  it  to  act  downwards, 
and  draw  water  upwards,  which  is  contrary  to  the 
laws  of  motion;  all  motion  being  in  the  diredtion 
of  the  moving  caufe' : you  muft  therefore  refolvethe 
afcent  of  vapour  into  impulfe , into  the  agency  of  a 
caufe  which  difrufes  itfelf  every  way,  and  adts  in 
all  directions.  When  vapour  rifes  from  the  furface 
of  an  heated  fluid,  all  is  conftftent  and  rational;  the 
fire  goes  off  the  fame  way,  and  fo  the  caufe  and 
effect  arc  in  one  diredtion  ; and  therefore  if  we 
would  be  conftftent,  we  muft  reduce  other  cafes 
to  this,  and  argue  that  all  gentle  and  flower  ope- 
rations are  on  the  fame  principle  as  where  the 
operation  is  quicker,  as  the  caufe  is  more  violent. 

Fire,  which  is  the  great  caufe  of  folution,  is 
alfo  the  caufe  of  fpontaneous  evaporation.  The 
earth  and  fea  perfpire,  when  they  are  heated  like 
the  human  body ; and  no  one  ever  yet  fuppofed 
that  perfpiration  was  owing  to  the  air  that  fur- 
rounds  the  {kin  of  an  animal;  although  this  vapour, 
like  that  of  the  rivers  and  fea,  goes  off  into  the 
atmofphere,  it  is  not  the  air  without , but  the  fire 
within , that  is  the  caufe ; the  air  only  receives  it, 
and  may  do  this  more  or  lefs,  according  to  the  ftate 
it  is  in  with  refpedt  to  cold  or  heat,  rarity  or  den- 
lity.  If  this  reafoning  wanted  further  confirmation, 
you  may  have  recourfe  to  the  experiments  you  have 
already*  made,  which  prove  that  evaporation  is 
produced  in  greater  quantities  in  vacuo  than  in 
open  air;  whereas  on  the  opinion  of  folution,  no 
fuch  effiedt  fhould  take  place,  as  the  folvend  cannot 
be  dilfolved  without  the  prefence  of  the  menftruum. 

4.  Spontaneous  evaporation  is  much  affifted  by 
mechanical  motion.  The  ground,  when  wetted 
with  rain,  dries  very  faft,  if  there  is  a brifk  wind, 

by 
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by  which  the  parts  of  the  water  are  abraded  and 
carried  into  the  atmofphere : as  water,  when  agi- 
tated, will  take  up  the  parts  of  earth  or  mud  from 
the  bottom,  and  keep  them  afunder  as  long  as  the 
agitation  continues,  though  the  earth  would  have 
remained  at  the  bottom  as  a fediment,  and  the 
water  would  have  been  tranfparent,  if  it  had  been 
undiiturbed. 

There  are  many  operations  carrying  on  in  the 
order  of  Providence,  which,  though  they  efcape 
the  common  obfervation  of  our  fenfes,  excite  our 
aflonifhment,  when  once  difeovered.  One  inftance 
of  this  kind  we  have  in  the  water  which  is  raifed 
into  the  atmofphere  from  the  furface  of  the  earth. 
Would  you  have  conjectured  that  an  acre  of  ground, 
after  having  been  parched  by  the  heat  of  the  fun  in 
fummer,  difperfed  into  the  air  above  1600  gallons 
of  water  in  the  fpace  of  twelve  of  the  hotteft  hours 
of  the  day  ? The  experiments  from  w hich  this 
fabt  was  deduced  by  Dr.  IV at  Jon,  Bifhop  of  Lan- 
daff>  are  fo  eafy,  that  you  may  eafily  fatisfy  your- 
felf  with  the  truth  of  the  conclufion.  He  put  a 
large  drinking  glafs  with  it’s  mouth  downwards 
upon  a.  grafs  plat  which  was  mowed  clofe,  at  a 
time  when  there  had  been  no  rain  for  above  a month, 
and  the  grafs  was  become  brow  n ; in  lefs  than  two 
minutes  the  innde  of  the  glafs  was  clouded  with 
vapour,  in  half  an  hour  drops  of  water  began  to 
trickle  down  it’s  infide  in  various  places.  The  ex- 
periment was  repeated  feveral  times  with  the  fame 
fuccefs. 

io  eftimate  the  quantity  thus  raifed  in  any 
certain  portion  of  time,  the  bifhop  meafured  the 
area^  of  the  mouth  of  the  glafs,  and  found  it  to  be 
20  fquare  inches  : there  are  1296  fquare  inches  in  a 
fquaie  }<uu,  and  4840  fquare  yards  in  an  acre;  there- 
fore by  meafuring  the  quantity  of  vapour  raifed  from 
20  fquare  inches  of  ground  in  one  quarter  of  an 

2 hour. 


320  Lectures  on  Natural  Philosophy,; 

hour,  it  will  be  eafy  to  calculate  the  quantity  which 
would  be  raifed  with  the  fame  degree  of  heat,* 
from  an  acre  of  ground  in  r 2 hours.  When  the 
glafs  had  flood  on  the  graft  plat  one  quarter  of  an 
hour,  and  had  collected  a quantity  of  vapour,  he  * 
wiped  the  infide  with  a piece  of  muffin,  whofe 
weight  had  been  previoully  afeertained  ; as  foon  as 
the  glafs  was  wiped  dry,  the  muflin  was  weighed 
again,  the  increafe  of  weight  fhewed  the  quantity 
of  vapour  which  had  been  collected  ; the  medium 
increafe  of  weight  from  fevcral  experiments  made 
in  the  fame  day  between  12  and  3 o’clock,  was 
6 grains  collected  in  one  quarter  of  an  hour,  from 
20  fquare  inches  of  earth.  If  you  take  the  trouble 
of  making  the  calculations,  vou  will  find  that  above 
1600  gallons  (reckoning  8 pints  to  the  gallon,  and 
eftimating  the  weight  of  a pint  of  water  at  one 
pound  avoirdupoizcq  or  7000  grains  troy  weight,) 
Would  be  raifed  at  the  rate  here  mentioned  from 
&n  acre  of  ground  in  12  hours.  Repeating  the  ex- 
periment after  a thunder  fhower,  he  found  that  an 
acre  parted  with  above  1900  gallons  of  water  in  12 
hours. 

This  evaporation  is  carried  not  only  from  the 
ground  i tie  If,  but  from  the  leaves  of  trees,  graft, 
&c.  with  which  it  is  covered  ; and  great  part  of 
the  water  thus  raifed,  tails  down  again  in  dew  in. 
the  night-time,  being  abforbed  by  the  fame  vege- 
tables which  yielded  it  before.  Thus  the  earth  i$ 
not  fo  foon  exhaufled  of  moifture,  even  for  a little 
way  below  the  furface  of  the  earth,  as  we  mighs 
be  apt  to  imagine,  from  the  quantities  raifed  by 
evaporation.  Perhaps  alfo*  one  great- life  of  mailed 
and  manures,  may  be  to  render  the  foil  on  which 
they  are  put,  left  liable  to  be  deprived  of  it’s 
moifture  in  fummer.  1 here  are  many  fandy  and 
lime-ftone  foils  which  are  covered  all  over  with 
ftints  or  lime-ftone  pebbles  ; the  crop  of  corn  would 

probably 


Nature  and  Properties  of  Fire.  321 

probably  be  lefs,  if  thefe  ftones  were  removed; 
for  they  are  ferviceable,  not  only  in  fheltering  the 
germs  of  the  plant,  but  in  impeding  the  efcape  of 
moifture  from  the  earth. 

Whether  a merely  moift  foil  be  unwholefome, 
may  be  much  doubted  ; but  that  moifture  arifing 
from  earth  or  water  in  a ftate  of  putrifaCtion,  is  fo, 
cannot  well  be  doubted.  The  overflowing  of  the 
Nile  puts  a ftop  to  the  plague,  probably  as  it  puts 
a ftop  to  the  putrifaction  of  the  canals  at  Great 
Cairo  and  other  places.  Agues  and  putrid  fevers 
are  much  more  frequent  in  the  fens  of  Cambridge - 
Jhire  and  Lincolnjhire  in  very  dry  than  in  wet  years. 
The  Irijhy  who  come  annually  to  reap  the  harveft 
in  thefe  fens,  are  fo  fenftble  of  the  difference,  that; 
when  there  have  been  three  or  four  dry  feafons  to- 
gether, they  enter  upon  their  talk  with  reluctance, 
apprehending  what  they  call  the  fen-floake.  In 
1748,  the  States  of  Holland  laid  the  country  around 
Breda  under  water,  to  be  kept  up  till  the  winter, 
to  ftop  a fteknefs,  which  had  arifen  from  the  moift 
and  putrid  exhalations  of  half-drained  grounds. 

Upon  the  theory  of  fpontaneous  evaporation, 
many  of  the  comynon  appearances  in  nature  are  ex- 
plained. When  you  bring  a cold  veflel  into  a warm 
room,  particularly  where  many  people  are  aflem- 
bled,  the  outficle  will  loon  be  covered  with  a fort 
of  dew : the  reafon  is  obvious ; the  air  is  filled 
with  vapour,  particularly  from  the  lungs ; this 
meeting  with  the  cold  veflel  is  condenfed,  the  fire 
enters  to  reftore  the  equilibrium,  and  quitting  the 
vapour,  this  is  depofi'ted  in  it’s  fluid  ftate  on  the 
outfide  of  the  veflel.  During  a courfe  of  cold 
weather,  the  ftone  pavements,  the  walls  of  a houfe, 
and  other  folid  objects,  are  deprived  of  a part  of 
their  fire ; on  a change  of  weather,  when  the 
warmer  air  enters  the  houfe,  the  fire  enters  thefe 
bodies  to  reduce  them  to  the  general  temperature, 
\ol.I.  Y and 
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imd  depofks  the  vapour  on  the  furface  in  it’s  paf- 
fage.  In  a frofiy  night,  when  the  air  abroad  is 
colder  than  the  air  within,  the  dampnefs  of  the 
internal  air  fettles  on  the  glafs  panes  of  the  windows, 
and  is  frozen  within-fide  in  beautiful  forms. 

Of  the  Absorption  of  Fire  by  Coloured 

* 

Substances. 

You  have  feen  that  the  various  methods  made 
life  of  for  the  admcafurement  of  heat,  are  founded 
on  the  general  principle,  that  different  fubftances 
abforb  fire  in  greater  or  lefs  quantities ; this 
will  be  further  illuftrated  by  a few  plain  faffs, 
which  I am  now  going  to  relate  to  you.  In  the 
reception  of  heat  from  the  rays  of  the  fun,  much 
depends  on  the  furface  of  bodies;  thofe  that  reflect 
much  light  imbibe  heat  flowly,  fo  that  the  fame 
body,  when  polifhed,  is  heated  with  more  diffi- 
culty than  when  it  is  rough : but  the  greatefl  dif- 
ference arifes  from  the  colour  of  the  furface  ; this 
was  firft  pointed  out  by  Boyle,  and  lince  by  Dr. 
Franklin. 

It  is  the  property  of  white  bodies  to  reflefl 
light,  and  of  black  ones  to  admit  or  abforb  it; 
therefore  black  bodies  grow  hot  in  the  fame  litu— 
ation  where  white  ones  are  but  little  affected.  To 
illuflrate  this.  Dr.  Franklin  placed  on  the  furface 
of  fhow  feveral  pieces  of  cloth  of  the  fame  texture, 
but  of  different  colours,  fo  as  to  be  expofed  to  the 
rays  of  the  fun  ; in  a few  hours  the  black  cloth  was 
buried  in  the  fnow,  while  the  white  remained  on 
the  furface. 

M.  de  Saufilirc  relates,  that  rhepeafants  of  the 
inountaihsofSwitzerlandarecareful  tofpread  a black 
earth  over  the  furface  of  grounds  covered  with  fnow, 
w hen  they  are  delirousof  melting  it  to  low  the  feed. 

White 
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White  cloaths,  whatever  be  their  fubftance,  are 
always  cooler,  when  expofed  to  the  fun,  than  black, 
of  the  fame  texture.  If  the  wall  at  the  back  of  a 
fruit  tree  be  painted  partly  white  and  partly  black, 
the  fruit  on  the  black  part  will  be  forwarder  than 
the  other.  Denfe  bodies  have  alfo  an  advantage 
over  rare  ones ; lead , painted  black,  will  receive 
more  fire  from  the  fun,  and  be  hotter  than  wood  of 
the  fame  colour.  The  difference  occafioned  by 
colours  of  the  fame  fubftance  is  greater  than  would 
be  expected,  as  you  may  eafily  afeertain,  by  ob- 
ferving  the  height  to  which  a thermometer,  with 
a blackened  ball,  will  rife,  when  compared  with 
one  whofe  ball  is  of  clear  glafs ; when  thefe  are 
expofed  to  the  fun,  the  difference  will  fometimes 
amount  to  10  degrees,  varying  with  the  brightnefs 
of  the  light,  and  clearnefs  of  the  air;  when  ex- 
pofed to  ftrong  day-light,  the  thermometer  with 
the  blackened  ball  is  always  fomewhat  higher  than 
the  other.  Both  thermometers  being  placed  at 
about  two  inches  from  a lamp,  the  coloured  ther- 
mometer was  always  fomewhat  higher  than  the 
uncoloured  one ; but  at  1401*15  inches  diftance, 
the  difference  vanifhed. 

The  obfervation  that  different  colours  acquire 
different  degrees  of  heat,  has,  by  fome  French 
writers,  been  attributed  to  Dr.  Franklin;  whatever 
merit  there  may  be  in  the  difeovery,  it  will  appear 
from  the  following  extract,  that  Dr.  Franklin  has 
laid  nothing  on  the  fubjecl,  but  what  had  been 
previoufly  mentioned  by  the  great  Boerhaave.  In- 
deed every  one  who  wifhes  to  comprehend  the 
wonders  thatprefent  themfelves  in  a natural  hiftory 
of  fire,  fhould  read  Boerhaave’s  incomparable  dif- 
courfe  thereon.  In  Boerhaave  alfo,  we  find  a man 
who  was  fo  far  from  being  made  impious  by  phi- 
lofophy,  or  vain  by  knowledge,  or  by  virtue,  that 

Y 2 he 


3^4  Lectures  on  Natural  Philosophy. 

he  afcribed  all  his  abilities  to  the  bounty,  and  all 
his  virtues  to  the  goodnefs  of  God. 

" If  fire,”  fays  he,  “ be  determined  by  the  fun 
on  the  blacked  known  bodies,  it’s  heat  will  be 
long  retained  therein ; hence  fuch  bodies  are  the 
fooneft,  and  the  mod  heated  by  the  fame  fire,  as 
alfo  the  quickeft  dried,  after  having  been  moiftened 
by  water;  they' alfo  burn  much  the  readied:.  Let 
a piece  of  cloth  be  hung  in  the  air,  expofed  to  the 
fun,  one  part  of  it  dyed  black,  another  part  white, 
another  fcarlet,  &c.  the  black  part  will  always  be 
found  to  be  the  hotteft,  and  to  be  fo  fooner  than 
the  others ; the  white  acquires  heat  flowed:,  the 
red:  in  proportion  as  their  colour  is  brighter  or 
weaker. 

“ This  was  well  known  to  the  nations  who  in- 
habit the  hotter  climates,  where  the  outer  garments, 
if  of  a white  colour,  are  found  to  preferve  the  body 
belt  from  the  heat  of  the  fun,  while  black  ones 
increafe  that  heat.  It  has  aifo  been  obferved  by 
the  makers  of  woollen  cloth,  that  if  at  the  fame 
time  and  place  they  hang  out  two  wet  pieces,  the 
one  black,  the  other  white,  the  former  will  fmoak 
and  dry  quickly,  but  the  latter  retains  it’s  water 
longed: ; and  that  cloths  of  other  colour  dry  fo 
much  the  dower  as  their  colours  are  lighter, 

“ It  has  alfo  been  long  ago  obferved,  that  all 
black  bodies  are  fooner  kindled  and  fet  on  dame  by 
the  fame  dre,  thanthofe  of  any  other  colour.  I he 
duft  of  white  touch-wood  will  hardly  take  fire, 
whereas  if  fome  be  placed  on  a black  coal,  and  a 
fpark  (truck  upon  it,  the  dud  thereof  will  readily 
receive  and  keep  up  the.  fire.  If  a piece  of  white 
paper  belaid  in  the  focus  ol  a burning  glafs,  it  will 
be  a Iqng  time  before  it  takes  dre;  and  as  foon  as 
kindled,  quits  it’s  whitenefs,  turns  brown,  and 
then  black;  immediately  alter  which  it  burds  out 
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in  flame : whereas  if  a piece  of  black  paper  be  laid 
on  the  fame  focus,  it  immediately  takes  fire. 

«r  A black  foil  burns  the  feet,  but  fpares  the 
eyes ; walking  on  a white  one  fcarce  warms  the 
feet,  but  is  troublefome  to  the  eyes : the  fame  may 
be  obferved  with  regard  to  paintings  and  hangings. 
Hence  you  may  take  a hint  for  making  proper 
fhades  to  keep  heat  from  the  body,  and  the  blaze 
of  light  from  the  eyes.  Thus,  covers  for  the  head 
white  on  the  outflde,  but  the  lower  brim  black, 
afford  a great  relief  to  the  head  in  a fcorching 
feafon.” 

By  confidering  thefe  facts,  we  may  account 
for  fome  phenomena  that  have  been  long  noticed, 
namely,  that  the  higheft  parts  of  the  air  are  the 
coldefl,  and  the  contrary.  On  the  Alps,  Pyreneans, 
&c.  the  ice  and  fnow  rife  higher  than  the  clouds,  and 
feem  to  increafe:  this  Dr.  Black  accounts  for  in 
the  following  manner.  Though  the  fun  appears 
to  be  the  fource  of  heat  in  the  globe,  yet  it’s  rays 
do  not  heat  a body  that  is  perfectly  tranfparent ; 
when  the  body  is  not  perfectly  tranfparent,  and 
reflects  fome  few  of  the  rays,  it  is  fomewhat  heated, 
though  not  in  comparifon  with  an  opake  body ; 
hence  black  bodies  are  fooneft  heated.  If  a burn- 
ing glafs  be  fo  placed  that  the  focus  falls  a little 
below  the  furface  of  fome  tranfparent  water,  the 
wrater  will  not  be  heated:  if  you  plunge  a flick 
into  this  part  of  the  water,  the  interior  parts  will 
be  immediately  burnt  to  a coal,  the  furrounding 
water  preferving  the  exterior  parts.  As  the  rays 
of  light  do  not  heat  tranfparent  bodies,  they  have 
little  effect  upon  the  air;  the  upper  part  is  more 
tranfparent  than  the  lower,  and  the  lower  parts 
receive  almofl  all  their  heat  in  a fecondary  manner 
by  reflection.  The  atmofphere  may  be  confldered 
as  confiding  of  very  eccentric  layers,  the  lowed 
being  the  denfefl;  they  are  ratified  a little  by  heat, 
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but  are  comprefTed  by  the  fuperior  ftrata.  I have 
before  obferved  to  you,  that  a hot  body  placed  in 
vacuo  lofes  it’s  heat ; the  heat  of  the  lower  ftrata 
is  therefore  preferved  by  the  compreffion  of  the 
fuperior  air  on  the  furface  of  the  earth  w here  it  is 
intended  to  aCt.  T.  he  coldnefs  oi  the  air  condenfes 
the  vapours,  and  caufes  them  to  fall  in  fttowers, 
upon  which  the  life  of  vegetables  depends.  You 
may  hence  perceive  the  ufe  of  planting  the  higher 
parts  of  a country  : as  green-houfes,  made  of  glafs, 
receive  the  heat  tranfmitted  through  it,  but  con- 
fine the  air  in  them  when  heated,  fo  thefe  plan- 
tations prevent  the  lower  moift  ftrata  beingremoved, 
which,  when  the  land  is  naked  and  expofed,  are 
quickly  carried  away  by  fcorching  winds. 

Of  Ignition. 

Bodies  in  certain  degrees  of  heat  appear  lu- 
minous. A body  which  is  thus  rendered  luminous, 
is  faid  to  be  ignited,  and  the  effeCt  itfelf  is  called 
ignition. 

The  nature  of  the  connection  between  light 
and  heat  we  have  not  yet  been  able  to  afeertain ; 
they  are  both  effeCts  of  fire,  effeCts,  however,  that 
may  be  feparated ; but  that  there  is  a connection 
ismanifeft;  the  ftronger  the  light  is,  the  more 
intenfe  we  find  the  heat,  and  the  w eaker  the  light, 
the  fainter  you  will  find  the  heat. 

The  degree  of  heat  in  which  bodies  begin  to 
be  luminous,  or  emit  light,,  is  thought  to  be. fixed, 
not  only  in  refpeCt  to  the  fame  body,  and  at  all 
times,  but  alfo  to  different  bodies.  Put  into  a 
crucible  a number  of  different  fubftances  that  are 
capable  of  bearing  a red  heat,  apply  heat  properly 
thereto,  and  you  will  find  that  they  all  begin  to  be 
luminous  at  the  fame  time,  and  as  the  heat  is  in- 
preafed  they  afliime  a dccDer  or  a fainter  colour. 

A We 
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We  have  indeed  no  dandard  for  edimating  the 
beginning  or  lowed:  degrees  of  ignition  : the  only 
dandard  is  the  organ  of  fight,  which  is  differently 
affecffed  as  the  circumdances  differ ; befides,  we 
cannot  be  fure  that  we  perceive  the  lowed  degrees 
of  light,  for  we  know  that  other  animals  fee  ob- 
jects with  fuch  light  as  appears  perfect  darknefs  to 
us.  A perfon  coining  out  of  a room  full  of  candles 
into  a place  moderately  lighted,  will  think  it  quite 
dark  • on  the  other  hand,  one  who  is  long  con- 
fined to  a dark  room,  will  find  his  eyes  dazzled  by 
a weak  light. 

That  ignition  is  a univerfal  effe<d  of  fire,  may, 
I think,  be  fairly  concluded,  from  the  variety  of 
bodies  in  which  it  is  found  to  take  place;  for  al- 
though many  fubdances  have  never  been  rendered 
luminous,  yet  it  would  be  unphilofophical  to  fay 
that  they  are  incapable  of  ignition,  becaufe  the 
degree  of  dre  necedary  to  ignite  them  is  more 
than  diffident  to  convert  them  into  eladic  vapour. 
Even  water,  which  in  it’s  natural  date  feems  very 
little  capable  of  enduring  fo  great  a degree  of  heat, 
may,  with  the  adidance  of  mechanical  predure,  be 
rendered  fo  hot  as  to  melt  lead,  tin,  and  other  bo- 
dies, a heat  not  much  inferior  to  the  lowed  degrees 
of  ignition  : deam  from  water  in  the  eolipile  is  faid 
to  have  been  ignited.  Dr.  Black  has  alfo  feen  the 
vapour  of  w ater  fo  heated,  by  being  thrown  into  the 
alh-pit  of  a furnace,  as  to  produce  in  ridng  through 
the  vent  a very  tranfparent  flame. 

Of  Combustion, 

Combuflion  is  an  eftedt  alfo  of  fire,  though 
not  quite  fo  univerfal  as  the  preceding : it  is  not 
eafy  to  convey  an  accurate  idea  thereof  by  a defini- 
tion, as  it  is  a collection  of  various  phenomena, 
which  take  place  in  the  operation  of  fire  on  in- 

Y 4 flammable 


328  Lectures  on  Natural  Philosophy. 

flammable  fubftances,  the  principal  of  which  are 
a continuance  or  augmentation  of  heat,  an  agita- 
tion or  intefline  motion,  the  emifflon  of  light 
generally  in  the  form  of  flame,  and  a total  change 
in  the  matter  burned:  here  fire  overcomes  it’s 
fuel,  breaks  it’s  nature,  alters  it’s  ftate,  and  changes 
it  into  flame  and  light. 

Combuftion  has  been  diftinguifhed  into  three 
Hates,  inflammation,  ignition,  and  detonation. 

Inflammation  takes  place  when  the  body  or 
parts  thereof  are  either  in  an  aeriform  Hate,  or  can 
be  raifed  into  vapour  by  the  Ample  heat  of  com- 
buftion, and  the  flame  is  greater  in  proportion  as 
the  combuftible  body  is  more  volatile.  Thus  the 
flame  of  a candle  is  kept  up  by  the  volatilization  of 
the  tallow  or  wax,  which  is  effected  by  the  heat  of 
the  combuftion. 

Ignition  takes  place  when  the  combuftible 
body  is  not  in  an  aeriform  ftate,  nor  fufceptible  of 
afliiming  that  ftate  by  the  heat  of  combuftion. 

Detonation  is  a fpeedy  and  rapid  inflammation, 
which  occaflons  a noife  by  the  inftantaneous  for- 
mation of  a vacuum. 

There  is  no  phenomenon  in  nature  which  has 
more  engaged  the  attention  of  philofophers,  nor 
w’hich  has  more  puzzled  them  to  account  for,  than 
combuftion.  The  moft  oppoftte  and  contradictory 
theories  have  been  invented  to  account  for  it,  but 
in  a very  unfatisfadtory  manner ; fome  light  has 
been  thrown  on  it  by  the  difcovery  of  dephlogifti- 
cated,  pure,  or  vital  air. 

You  will  obferve  a great  difference  in  com- 
buftible bodies  ; fome  burnbrifldy  with  a luminous 
flame,  as  oils,  woods,  reffns,  bitumens;  others  burn 
without  fcnftbje  flame,  as  many  of  the  metals,  and 
charcoal,  if  well  made ; others  confume  flowly 
w ithout  fcnftble  ignition,  though  with  heat,  as  in 
certain  fubftances.  In  all  thefe  cafes,  when  the 
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combuftion  is  over,  the  body  burned  is  reduced  to 
a fubftance  of  a quite  oppolite  nature,  which  can- 
not be  fubjedled  again  to  the  fame  procefs,  being 
quite  uninflammable  : it  may  indeed  be  cooled  and 
heated  in  the  ufual  manner,  but  is  no  longer  in- 
flammable. Such  is  the  nature  of  inflammable 
bodies,  that  when  heated  to  a certain  degree,  they 
not  only  become  hot,  but  by  proper  management 
they  may  be  heated  to  any  degree,  and  the  heat 
which  is  thus  generated,  may  be  communicated 
to  other  bodies  without  any  lofs  of  heat  to  the  in- 
flammable bodies. 

The  refidue  of  the  combuftion  is  always  hea- 
vier than  the  body  itfelf  before  it  was  burned,  as 
is  more  particularly  the  cafe  in  thofe  that  are  fixed, 
not  volatilized  in  the  fire.  Some  fubftances  feem 
to  be  an  exception  to  this,  as  in  the  open  air  they 
burn  totally  away,  without  leaving  any  refiduum, 
or  a refiduum  lefs  weighty  than  the  original  fub- 
lfance.  This,  however,  will  not  be  found  to  in- 
validate in  the  leaf!:  the  pofition  in  queftion ; for 
on  a careful  examination,  you  will  find  that 
fo  far  from  a total  confumption,  there  is  not 
any  confumption  at  all : the  fubftances  would  in- 
deed feem  to  be  annihilated,  if  you  do  not  bring 
the  volatile  parts  into  the  account.  Spirits  of  wine 
and  ether  burn  without  leaving  any  refiduum  in  the 
veflcls  that  contain  them,  the  matter  they  confift 
of  is  volatilized  and  difperfed  ; but  if  proper  means 
are  ufed  to  colled:  the  product,  it  will  be  found  in 
general  to  exceed  the  weight  of  the  matter  em- 
ployed. The  refiduums  of  combuftion  may,  there- 
fore, be  diftinguifhed  into  two:  1.  Thofe  wfiofe 
reful ts  are  fixed.  2.  Thofe  which  afford  volatile 
and  fugacious  fubftances.  In  the  firft  cafe,  where 
metals  are  calcined,  oils  rendered  rancid,  and  in 
the  production  of  certain  acids,  fuch  as  the  phof- 
phoric,  vitriolic,  &c.  the  increafe  of  weight  is 
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cafily  afcertained.  In  thefecond,  it  is  indeed  more 
difficult  to  weigh  all  the  refults  of  combuftion,  and 
confequently  to  afeertain  the  augmentation  in 
weight.  Yet  if  the  combuftion  be  made  in  in- 
verted veflels,  and  the  whole  of  the  produces  be 
colleded,  it  is  found  that  they  are  augmented  in 
weight : their  augmentation  of  weight  is  ftridtly 
proportional  to  that  of  the  air  they  abforb. 

In  order  to  afeertain  combuftion,  or  detain 
and  eftablifh  a fourcc  or  circulation  of  fire  in  the 
fame  place,  it  is  neceflary,  fir  ft,  that  fire  refide 
in  fome  folid  or  fluid  matter.  Secondly,  that  the 
air  be  freely  admitted  to  it.  Thirdly,  that  to  in- 
troduce fire  into  the  combuftible  body,  it  muftbe 
heated  to  a certain  degree. 

That  the  firft  and  third  circumftances  are  ne- 
ceflary, is  felf  evident,  for  without  fire  there  can 
be  no  combuftion,  and  without  heat  applied,  you 
could  not  produce  that  fiery  commotion  by  which 
phlogifton  is  difengaged,  and  the  furrounding  air 
is  decompofed.  It  is  fcarce  neceflary  to  prove  that 
air  is  required  to  fupport  combuftion. 

Let  us  inflame  this  fpirit  of  wine,  and  then  put 
over  it  a receiver  containingonly  a fmall  quantity  of 
air,  and  you  fee  how  foon  the  inflammation  ceafes. 
Plunge  that  bright  burning  piece  of  charcoal  into 
this  veil'd,  which  contains  highly  rectified  fpirit 
of  wine,  and  you  fee  it  is  as  effectually  quenched 
as  if  it  were  plunged  into  water.  If  you  take  ano- 
ther coal,  and  dip  it  in  the  fpirit,  fo  that  part  re- 
main above  the  furface,  the  fpirit  will  then  catch 
fire;  but  ftill  the  flame  will  confine  itfelf  to  the 
furface,  adting  only  on  thofe  parts  of  the  fluid 
which  are  contiguous  to  the  air.  You  have  feen 
that  a candle  that  burns  brifkly  in  the  open  air, 
will  foon  be  extinguifhed  under  a receiver. 

On  the  other  hand,  you  know  that  fire  is 
quickened  by  a blaft  of  air  ; and  it  is  an  eftablifh-^ 
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cd  law  of  nature,  that  as  foon  as  fire  begins  to 
fpread  itfelf,  a fire  am  of  air  rujhes  in  from  all  fide  s 
to  fup port  it ; and  the  larger  the  fire  is,  the  lharper 
is  the  indraft  of  air:  fo  that  combuftion  is  the 
joint  action  of  fire  and  air  ; between  thefe  a dou- 
ble motion  is  maintained,  an  expansion  outwards, 
and  a pre fibre  inwards.  That  there  is  an  adtion 
outwards,  is  evident,  1.  From  the  heat  propa- 
gated through  the  air,  which  at  a confiderable 
diftance  from  the  fire  itfelf  will  ad  as  fire,  and 
inflame  bodies,  when  it  is  reflected  from  a concave 
fpeculum.  2.  From  the  fhadow  which  an  opake 
body  cafts  behind  it  by  intercepting  this  matter. 
3.  The  continual  current  of  air  in  a contrary  di- 
redion ; a filk  handkerchief,  or  any  other  light 
body,  held  near  a fire,  will  be  carried  into  it;  and 
the  ru filing  of  the  air  through  all  the  joints  and 
apertures  of  the  doors  and  windows  of  a room, 
heated  by  a fire,  is  fenfibly  felt. 

Of  the  Nature  of  Atmospheric  Air. 

We  muft  now  for  a moment  proceed  to  the 
confideration  of  atmofpheric  air;  this  you  muft 
have  already  concluded  to  be  a mixture  of  every 
fubftance  capable  of  retaining  an  aeriform  fiate  in 
the  common  temperature,  and  under  the  ufual 
preflure  it  experiences.  Thefe  fluids  conftitute  a 
mafs,  in  fome  meafure  homogeneous,  extending 
from  the  furface  ol  the  earth  to  the  greateft  height 
hitherto  attained,  of  which  the  denfity  continually 
increafes  in  the  inverfe  ratio  of  the  fuperincumbent 
weight.  It  is  my  intention  here  to  give  you  fome 
account  of  the  compofition  of  the  inferior  ftratum 
of  air  which  we  inhabit.  Modern  chemifts  have 
made  great  advances  in  this  refearch,  and  atmo- 
fphcncal  an  has  been  more  rigoroufly  examined 
than  any  other  fubftance  of  this  clafs. 

1 hey  endear oui  to  prove  tnat  atmolpheric  air 
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confifts  of  two  aeriform  fluids,  one  of  which  is 
capable,  by  refpiration,  of  contributing  to  animal 
life,  and  in  which  rnetals  are  calcinable,  and  com- 
buftiblc  bodies  will  burn ; while  the  other  is  en- 
dued with  directly  oppofite  qualities;  it  cannot  be 
breathed  by  animals,  neither  will  it  admit  of  the 
combuflion  of  inflammable  fubfbmces,  nor  of  the 
calcination  of  metals : the  firft  of  thefe  is  called 
-pure  vital  or  dephlcpiflicated  air ; it  is  compounded 
of  a peculiar  principle  of  fire,  to  which  laft  it 
owes  it’s  aerial  form.  The  firft  principle  unites 
with  the  combuftible  body,  and  by  that  means 
changes  it’s  nature,  and  adds-  to  it’s  weight,  while 
fire  is  difengaged  in  heat  and  light.  The  other 
principle,  or  conftituent  part  of  vital  air , always 
forms  acids  by  uniting  with  combuftible  bodies, 
and  has  therefore  been  called  by  Mr.  Lavoifier  the 
oxyginous  or  acidifying  principle  :*  the  nature  of 
this  air  will  be  more  clearly  apprehended  when  I 
treat  of  elajlic  or  aeriform  fluids . It  has  been 
computed  from  observations,  that  pure  air  confti- 
tutes  about  one  fourth  part  of  our  atmofphere,  and. 
that  this  fmall  part  alone  is  confidered  as  the  prin- 
cipal agent  in  combuflion. 

Let  us  now  confider  the  principles  on  which 
fire  is  fupported  by  air ; thefe  we  fhall  find  to  be, 
firfi,  it’s  preflure,  which  keeps  the  fire  together  in  a 
body,  and  prevents  it’s  difiipation;  by  this  e fleet 
of  the  air  the  fire  is  concentrated,  and  it’s  fplendor 
much  increafed.  You  have  feen  that  the  eleeflric 
fpark  is  bright  and  vivid  as  lightning,  when  it  ex- 
plodes in  the  air,  but  that  it  exhibits  only  a faint 
diluted  fiient  fireatn  in  vacuo.  I have  alfo  fliewn 
you  how  foon  the  fire,  with  which  water  is  impreg- 
nated, efcapes,  and  how  foon  it  cools  in  vacuo. 

The 

* This  is  according  to  the  modern  French  theory,  fome 
carts  of  which  I now  think  dubious,  and  other  parts  erroneous, 
as  will  be  feen  in  the  courfe  of  thefe  Ledurcs. 
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The  outline  by  which  the  flame  of  a candle  is  fo 
well  defined,  can  only  be  attributed  to  a preffurc 
w hich  acls  equally  on  every  fide  ; and  thispreflure  . 
can  be  no  other  than  that  of  the  air,  as  you  may  eafily 
convince  yourfelves  by  carrying  the  candle  forwards, 
when  you  will  find  the  fide  ot  the  fame  that  meets 
the  air  will  be  bright  and  well  defined,  but  the  fide 
that  follows  will  be  more  ragged  and  diluted. 

This  fight  is  fo  familiar  that  wTe  pay  but  little 
attention  to  it ; vet  it  is  matter  of  aftoni foment, 
that  a fluid  fo  weak  as  fire  might  be  fuppofed  to 
be,  on  account  of  the  infinite  fubtlety  of  it’s  parts, 
and  whofe  exigence  has  been  denied  by  fome,  be- 
caufe  they  cannot  weigh  it  in  a pair  of  feales, 
fhould  be  expanded  itfelf,  and  expand  the  air  with 
all  that  force  which  experiment  demonftfates.  To 
illuftrate  this,  let  us  fuppofe  the  atmofpnere  pref- 
fing  upon  the  flame  of  a candle  with  half  it’s  force, 
that  is,  with  a weight  equal  to  feven  pounds  on  every 
fquareinch;  if  there  be  a fphere  of  fuch  flame, 
whofe  diameter  is  one  foot,  the  air  would  comprefs 
it’s  furface  with  a force  equal  to  3164  pounds,  yet 
fire  maintains  it’s  dimenlions  with  eafe  againft  a 
compreiiive  power,  which  feems  more  than  fu An- 
cient to  drive  it  back  to  it’s  central  point. 

Secondly,  the  uniform  preifure  of  the  air  on 
the  fubftance  is  changed,  and  an  influx  thereof  oc- 
calioned  by  the  heat  iirfb  applied  to  the  combuftiblc 
body,  by  which  influx  a continual  fupply  of  frefli 
air  is  fuppiied  ; between  the  impulfe  of  this  to- 
wards the  center  of  the  fire,  and  the  continual  ex- 
panfion  cf  the  fire  outwards,  a conliderable  agitation 
is  occalioned,  which  facilitates  the  combufiion  : 
the  more  violent  the  re-aCtion  of  the  air  is  made, 
the  greater  is  the  action  of  the  fire  upon  the  air. 

Thirdly,  experiment  now  clearly  proves,  that 
the  ancients  were  right  in  the  opinion  which  they 
univerfally  maintained,  that  air  fiipports  fire  as  a 
, pabulum , that  is,  that  it  actually  parts  w ith  Tome 
4 of 
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of  it’s  fubftance  to  fupply  frefh  matter,  which  in- 
creafes,  and  becomes  part  of  the  fire.  In  the  con- 
hibt  bet  v,  eeii  the  air  and  the  fire,  the  fire  is  increafed, , 
and  the  air  is  diminifhed;  for  as  fire  acts  upon  air, 
fo  air  re-acts  upon  fire  : the  latter  of  thefe  is  well 
known,  the  former  will  be  evident  from  experi- 
ments. 

You  may  {hew  that  air  is  diminifhed  by  the 
procefs  of  combuftien,  by  throwing  the  focus  of  a 
burning  lens  on  the  combuftible  body,  when  con- 
tained in  a glafs  receiver  inverted  in  water ; when 
the  apparatus  is  grown  cold,  the  water  will  be  feen 
to  rife  up  a fhort  way  into  the  receiver.  I have 
already  fhewn  you,  in  Ledture  IV,  the  diminution  of 
air  when  candles  burn  under  a receiver.  Here  are 
fame  receivers  with  mercurial  gages  adapted  to 
them ; to  render  this  effect  more  fenfible,  you  have 
only  to  take  care  and  place  the  receivers  as  expe- 
ditiouflv  as  poffible  overthe  matters  already  kindled. 
We  will  place  this  receiver  over  this  piece,  and 
you  will  obferve  the  fame  effects  you  noticed  when 
we  tried  the  flaming  candle;  the  gage  is  firlt  de- 
preffed,  and  then  rifes  about  an  inch  and  an  half. 
From  thefe  experiments,  it  appears  that  the 
larger  and  brifker  the  fire  in  equal  fpaces,  let 
the  fuel  be  what  it  will,  the  greater  is  the  con- 
fumption  of  air  ; and  though  different  kinds  of 
fuel  may  occafion  fomc  critical  differences,  the 
general  effedt  is  from  the  air,  and  not  from  the 
fuel. 

I may  now  attempt  to  fhew  you  what  portion 
of  air  is  abforbed,  and  which  part  of  it  furnifhes 
fo  much  affiftance  in  the  combuffion  of  bodies. 
You  have  already  feen  that  fire,  when  in  a ffate  of 
combination  with  any  fubffance,  does  not  give  any 
figns  of  heat ; and  that  the  heat  is  greater,  and  it’s 
effedfs  more  rapid,  in  proportion  as  more  fire  is  let 
at  liberty  and  difengaged.  I have  alfo  told  you, 
that  atmofpheric  air  is  forified  of  two  aeriform  fluids, 

one 
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one  of  which,  vital  air , is  necefiary  to  combultion, 
and  without  which  it  cannot  be  carried  on,  while 
the  other,  phlogifticated  air,  is  altogether  impro- 
per for  combultion ; to  the  former  of  thefe  then, 
or  pure  vital  air , we  mull  look  for  afiiftance  fur- 
nifhed  in  combultion,  and  the  air  abforbed.  You 
know  alio  that  every  aeriform  fluid  is  fuch,  prin- 
cipally on  account  of  the  fire  combined  with  it’s 
bale  ; now  pure  air  contains  a great  quantity  of  fire 

combined  with  it’s  bale.  In  the  adt  of  combultion 
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there  is  an  influx  of  air  to  the  heated  body,  at  the 
fame  time  that  the  heat  applied  to  the  combultible 
lubltance  puts  in  addon  the  fire  contained  therein, 
breaks  it’s  union  with  the  fubftance,  and  weakens 
the  aggregation  of  it’s  parts;  the  fire  from  without, 
or  in  the  air,  unites  with  the  fire  difengaged  from 
the  fubftance,  the  pure  air  is  thus  decompofed,  it’s 
bale  or  oxigene  unites  with  the  burning  body, 
while  the  fire,  being  alfo  difengaged,  is  united 
w ith  the  fire  that  commenced  the  inflammation. 
From  hence  there  refults  an  augmentation  of  heat, 
w hich  difpofes  a great  number  of  particles  of  the 
burning  body  to  combine  with  particles  furnifhed 
by  the  air,  with  which  it  is  continually  fupplied, 
and  w ithout  this  fupply  the  fire  would  go  out.  In 
this  leparation  of  the  air,  the  fire  combined  with  it 
efcapes,  and  manifefts  itfelf  by  it’s  ufual  characters, 
heat,  light,  and  flame;  and  the  more  parts  that  are 
combined  and  fixed  in  a given  time,  the  more  fire 
w ill  be  difengaged,  and  the  more  rapid  and  bril- 
liant will  be  the  inflammation. 

In  ah  combultion  vital  air  is  decompofed, 
fire  difengaged,  and  confequently  heat  produced; 
the  heat  is  greater  or  left  according  to  the  nature 
of  the  burning  body;  for  according  to  the  .expe- 
riments of  Meffrs.  Lavoifier  and  De  la  Place,  one 
ounce  of  charcoal  confumes,  in  burning,  4-^37.  c 
cubic  inches  of  vital  air,  and  forms  302 1.1  inches 
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of  fixed  air.  This  ounce  of  charcoal  confumes 
then  3 oz.  4 grs.  of  vital  air,  and  forms  3 oz. 
5 grs.  of  fixed  air. 

From  what  has  been  faid,  it  appears  clearly, 
1.  That  combuftion  is  eminently  promoted  by  vital 
air,  which  maintains  combuftion.  2.  That  the 
more  lire  is  difengaged,  the  ftronger  will  be  the 
heat  produced.  3.  That  the  beft  method  of  pro- 
ducing violent  heat  conftfts  in  burning  bodies  in 
the  pureft  air.  4.  That  fire  and  heat  muft  be  more 
intenfe  as  the  air  is  more  condenfed:  and,  5.  That 
currents  of  air  are  neceftary  to  maintain  and  ex- 
pedite combuftion. 

You  may  from  thefe  principles  cafily  account 
for  the  efred  of  the  Argand  or  cylinder  lamps ; the 
current  of  air,  which  is  renewed  through  the  tube, 
fupplies  frefh  air  every  inftant,  and  by  continually 
fupplying  a new  quantity  of  vital  air  to  the  flame, 
a heat  is  produced  fufficient  to  ignite  the  fmoke. 

In  the  fame  manner  you  may  account  for 
the  vehement  adion  of  a blaft  of  air  upon  fire,  and 
the  parts  of  fuel.  Some  metals  melt  more  ealily 
than  others ; iron  is  a metal  which  requires,  for 
fufion,  the  utmoft  violence  of  fire  : notwithftanding 
this  difficulty,  let  a bar  of  iron  be  laid  in  a fmith’s 
forge  till  it  has  got  what  they  call  a white  heat; 
when  it  is  as  bright  and  fparkling  as  it  can  be  made, 
let  it  be  taken  out  of  the  fire  : then  let  a blaft  of  air 
from  a common  pair  of  bellows  be  ftrongly  blown 
againft  the  heated  extremity  of  the  iron,  which, 
inftead  of  being  cooled  by  the  blaft,  will  become 
more  white  and  Alining  than  before,  till  by  degrees 
it  rolls  about  in  a liquid  form,  fending  out  brilliant 
fparks  in  all  diredions,  and  failing  with  frequent 
drops  to  the  ground.  II  a cannon  bullet  be  heated 
in  the  like  manner,  by  a large  pair  of  forge  bellows, 
it  affords  a glorious  fpedacle,  which  can  be  con- 
ceived only  by  thole  who  have  feen  it ; the  eyes 
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arc  dazzled  with  the  fight  as  when  we  look  upon 
the  fun. 

The  fmiths,  whofe  bufinefs  lies  at  the  forge, 
arc  fo  well  acquainted  with  this  effed  of  a blafl  ot 
air  again  11  ignited  iron,  that  they  cautioufly  avoid 
expoling  the  metal  too  near  to  the  nofe  of  their 
bellows.  A fire-man,  who  is  but  green  in  his  pro- 
feffion,  is  very  apt  to  be  catched  with  this  accident 
from  his  bellows,  by  which  he  utterly  fpoils  the 
fluff  he  works  upon,  by  giving  it  what  they  call 
the  wind  rot.  * In  thefe  rapid  combuflions  the 
fame  quantity  of  heat  and  light  is  produced  in  a 
fecond  of  time,  as  in  the  ordinary  methods  would 
require  a much  longer  time. 

This  you  will  fee  plealingly  exhibited  in  the 
next  experiment,  fir  11  made  by  Dr.  Ingenhouz.  I 
take  this  piece  of  fine  iron  wire,  twilled  into  a 
fpiral ; I fix  one  of  the  extremities  to  the  cork  at 
the  top  of  the  bottle,  and  to  the  other  extremity  a 
piece  of  tinder ; I now  fill  the  bottle  with  vital 
air,  light  the  tinder,  and  introduce  it  and  the 
wire  as  expeditioufly  as  I can  into  the  bottle,  flop- 
ping it  with  the  cork.  The  moment  you  fee  the 
tinder  comes  in  contadl  with  the  vital  air,  it  begins 
to  burn  with  intenfity  : it  has  now  communicated 
the  inflammation  to  the  iron  wire,  which  has  taken 
fire  ; obferve  how  rapidly  it  burns,  and  what  bril- 
liant fparks  it  throws  out ; thefe  fall  to  the  bottom 
of  the  bottle,  and  though  they  become  black  in 
cooling,  yet  they  retain  a degree  of  metallic  fplen- 
dor.  The  iron  thus  burnt  is  more  brittle  than  glafs. 

With  the  aid  of  vital  air  Profeffor  Lie h ten- 
berg  er  foldered  the  blade  of  a knife  to  a watch 
fpring.  Meffrs.  Lavoifier  and  Erhmann  have  fub- 
je&ed  almoft  all  known  bodies  to  the  adlion  of  fire 
maintained  by  vital  air,  and  have  produced  effects 
which  the  burning  glafs  could  not  have  operated. 

Mr.  Fofter,  of  Gottingen,  found  the  light 
Vol,  I.  Z " of 
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of  the  glow-worm  fo  beautiful  and  bright,  in  vital 
air,  that  one  Angle  infedl  afforded  light  fufficient 
to  read  a book  printed  in  a fmall  character. 

Of  Flame. 

This  is  in  general  confidered  as  a luminous  va- 
pour, or  in  other  words,  as  the  vapour  of  a fubftance 
raifed  by  fire,  and  heated  to  fuch  a degree  as  to 
emit  light  copiouily. 

Bodies  are  capable  of  emitting  flame  only  in 
proportion  to  the  quantity  of  vapour  that  rifes  from 
them : thus  wood,  coals,  &c.  which  emit  a great 
quantity  of  vapour,  flame  violently  ; while  lead, 
tin,  &c.  which  emit  but  a fmall  fume,  can  fcarce 
be  perceived  to  flame  at  all. 

To  this  rule  there  are,  however,  fome  ex- 
ceptions ; fome  vapours  feem  to  be  in  their  own 
nature  uninflammable,  and  capable  of  extinguifh- 
ing  flame,  as  thofe  of  water,  as  the  mineral  acids, 
fal  ammoniac,  arfenic,  &c.  while  others,  as  ether, 
fpirit  of  wine,  &c.  take  fire  on  the  flighted  ap- 
proach of  a flaming  fubftance  : the  laft  exhibit  a 
remarkable  phenomenon,  as  they  cannot  be  made 
to  flame  without  the  approach  of  fome  fubftance 
previoufiy  in  flames:  thus,  fpirit  of  wine  poured  on 
a red-hot  iron,  though  immediately  diffipated  in 
vapour,  will  not  flame ; but  if  a burning  candle 
touch  it’s  furface,  the  w hole  is  fet  in  a flame  at  once. 
The  cafe  is  however  otherwife  wdth  oils,  especially 
of  the  grofler  kind,  for  their  vapours  will  readily 
be  changed  into  flame  by  the  mere  increafe  of  heat, 
w ithout  the  approach  of  any  flaming  fubftance. 

There  is  probably,  however,  no  kind  of  va- 
pour but  what  may  be  converted  into  flame,  pro- 
vided it  be  expofed  to  a fufficient  degree  of  heat. 
Even  the  vapour  of  w^ater,  made  to  pafs  through 
burning  coals,  is  faid  to  produce  a bright  flrong 
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flame.  It  has  been  conjectured  that  when  fmoke 
is  converted  into  flame,  the  latent  fire,  which 
had  combined  with  the  vapour,  is  difengaged,  and 
adds  to  the  quantity  of  fenfible  heat  already  mani- 
felted. 

If  a veflel  full  of  oil  be  fet  over  a fire,  a fmolce 
or  vapour  begins  to  rife  from  it,  which  grows  gra- 
dually thicker  and  thicker,  and  at  laft  begins  to 
hi i neat  fome  places  near  the  furface  of  the  oil ; the 
heat  does  not  exceed  400  degrees  of  Fahrenheit : 
but  if  a lighted  candle  be  held  in  the  fleam  for  a 
moment,  the  whole  is  immediately  converted  into 
flame  with  fomething  like  an  explofion,  after  which 
the  oil  burns  quietly  until  it  is  all  confumed. 

Of  the  Flame  of  Candles. 

This  fubjedl  has  been  already  very  well  confi- 
gured by  Mr.  Nicholfon,*  from  whom  we  find  that 
*wax,  being  already  combined  with  a portion  of 
vital  air,  does  not  burn  with  fo  luminous  a flame 
as  tallow  or  oil ; but  that  it  poffcfTes  a very  great 
advantage  in  the  fabrication  of  candles,  becaufe  it 
requires  a greater  degree  of  heat  to  melt  it  than 
either  of  the  other  two  tub  fiances. 

To  underhand  this  advantage,  you  mull  con- 
sider that  oils  do  not  take  fire  unlefs  they  be  previ- 
ously volatilized  by  heat  : the  oil  rifes  between  the 
fibres  of  the  wick  by  what  is  called  capillary  at- 
traction. Heat  is  applied  to  the  extremity  of  the 
wick,  which  volatilizes  and  inflames  a portion  of 
the  oil;  as  this  is  difhpated  by  combuflion,  another 
portion  rifes  and  fupplies  it’s  place,  by  being  heated 
and  inflamed  : in  this  way  a conflant  combuflion 
is  maintained.  A candle  differs,  however,  from 
a lamp,  in  one  very  effential  circumftance,  that 
the  tallow  is  liquified  only  as  it  comes  to  be  hi  the 
vicinity  of  the  conflagration,  and  this  fluid  is  re- 
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tainedin  the  hollow  of  the  part  which  is  ftill  con- 
crete, and  forms  a kind  of  cup.  To  carry  this  fluid 
off  as  fail  as  it  is  formed,  it  is  neceffary  to  have  a 
thick  wick,  otherwife  the  oil  will  run  down  the 
lides  of  the  candle  ; but  as  wax  is  not  fo  fufible  as 
tallow,  the  wick  of  a wax  candle  may  be  made 
much  thinner  than  one  made  of  tallow. 

Let  us  obferve  the  difference  in  the  appear- 
ances produced  by  a thin  and  a thick  wick.  You 
obferve  that  in  this  candle  with  a thick  wick, 
fnuffed  fhort,  the  flame  is  per  fed  and  luminous, 
(which  will  be  the  cafe,  unlefs  the  diameter  be  very 
great,  when  there  is  an  opake  part  in  the  middle,  and 
where  the  combuftion  is  impeded  for  want  of  air). 
As  the  wick  becomes  longer,  the  fpace  between  the 
top  of  the  wick  and  the  top  of  the  flame  is  dimi- 
nifhed  ; confequently  the  oil  palling  off  at  that  ex- 
tremity having  lefs  fpace  of  ignition  to  pafs  through, 
is  not  fo  completely  burned,  and  paffes  off  partly 
in  ffnoke : this  evil  continues  to  increafe  until  at 
length  the  upper  part  of  the  wick  projeds  beyond 
the  flame,  and  forms  a fupport  for  an  accumulation 
of  foot,  which  is  afforded  by  the  impeded  com- 
buftion. A candle  in  this  fttuation  affords  fcarcely 
one  tenth  of  the  light  which  the  due  combuftion 
of  it’s  materials  would  produce  ; and  tallow  can- 
dles, on  this  account,  require  continual  fnuffing. 
But  on  the  other  hand,  if  you  obferve  this  wax 
candle,  you  obferve  that  as  the  wick  lengthens,  the 
light  indeed  becomes  lefs,  and  the  cup  is  filled 
with  melted  wax.  The  wick,  however,  being  thin 
and  flexible,  does  not,  as  you  fee,  long  occupy  it’s 
place  in  the  center  of  the  flame,  neither  does  it, 
when  there,  enlarge  the  diameter  of  the  flame,  fo 
as  to  prevent  the  accefs  of  air  to  the  internal  part ; 
but  bending  on  one  fide,  when  it’s  length  is  too 
great  for  it’s  vertical  pofition,  it’s  extremity  comes 
into  contad  with  the  air,  and  is  burned  to  allies, 
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excepting  only  fo  much  as  is  defended  by  the  con- 
tinual afflux  of  melted  wax,  which  is  volatilized 
and  completely  burned  by  the  furrounding  flame. 
We  fee,  therefore,  that  the  difficult  fufibility  of 
wax  renders  it  practicable  to  burn  a large  quantity 
of  fluid  by  means  of  a fmall  wick;  and  that  this 
fmall  wick  turning  on  one  fide,  in  confequence  of 
it’s  flexibility,  performs  the  office  of  Fluffing  itfelf 
in  a much  more  accurate  manner  than  it  can  ever 
be  performed  mechanically. 

Some  further  confiderations  on  a fubjedt  fo 
intereffing,  and  fo  often  before  mentioned,  will  I 
hope  not  prove  unacceptable. 

When  a candle  is  for  the  firfl:  time  lighted, 
(which  muff  be  done  by  the  application  of  actual 
flame)  a degree  of  heat  is  given  to  the  wick,  fuffi- 
cient  firfl;  to  melt,  and  next  to  evaporate  the  tal- 
low furrounding  it’s  lower  furface;  and  juft  in  this 
part  the  newly  generated  vapour  is,  by  admixture 
with  the  air,  converted  into  a flame ; which 
almoft  inffantaneoufly  encompafling  the  whole  bo- 
dy of  the  vapour,  communicates  fo  much  heat  to 
it,  as  to  make  it  emit  a yellowifh  white  light. 
The  tallow  now  liquified,  as  faff  as  it  boils  a\vay 
at  the  top  of  the  wick,  is,  by  the  capillary  attrac- 
tion of  the  fame  wick,  drawn  up  to  fupply  the 
place  of  what  is  evaporated.  The  congeries  of 
capillary  tubes,  which  forms  the  wick,  is  black, 
becaufe  it  is  converted  into  coal ; a circumftance 
common  to  it  with  all  other  vegetable  and  animal 
fubftances,  when  the  oil  which  enters  into  their 
compofition  having  been  decompofed  by  combuf- 
tion,  the  more  fixed  part  is  by  any  means  what- 
ever covered  and  defended  from  the  action  of  the 
air.  In  this  cafe,  the  burning  fubffance  owes  it’s 
protection  to  the  furrounding  flame.  For,  when 
the  wick,  by  the  continual  wafting  of  the  tallow, 
becomes  too  long  to  fupport  itfelf  in  a oerpendi- 
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cular  fltuation,  the  top  of  it  projects  out  of  the 
cone  formed  by  the  flame,  and  thus  being  expofed 
to  the  adtion  of  the  air,  is  ignited,  lofes  it’s  black- 
nefs,  and  is  prefently  converted  into  allies. 

The  part  of  the  flame  which  comes  into  con- 
tact with  the  air,  appears  of  a blue  colour* 
The  inner  part  of  the  flame  differs  from  the 
outer,  in  being  much  denfer,  and  emitting  a ftrong 
yellowilh  white  light,  which  has  been  called  the 
light  of  ignition while  on  the  other  hand,  the 
blue  has  been  fuppofed  to  conftitute  the  light  of 
inflammation.  Thefe  two  parts  of  the  flame,  dif- 
fering not  only  in  colour,  but  almoft  in  every  other 
property,,  ought  to  be  diferiminated  from  each 
other  by  different  epithets-,.  The  interior  part  may 
be  considered  as  (what  it  really  is)  an  ignited  bo- 
dy, and  the  light  emitted  by  it  may  be  called  the 
light  of  ignition ; while  that  proceeding  from  the 
exterior  portion,  may  be  denominated  the  light  of 
combuftion,  for  it  is  properly  in  this  part  of  the 
flame,  that  the  procefs  of  combuftion  is  carried 
on,  and  by  that  means  a teriium  quid  produced 
the  fucteeding  phenomena  being  rather  fequels  to,, 
than  making  part  of  this  procefs.  When  more 
vapour  alcends  than  can  combine  with  the  air  in. 
a given  time,  the  remainder  by  the  continued  ac- 
tion of  the  blue  flame  furrounding  it,  fuffers  an. 
accumulated  degree  of  heat,  and  is  ignited. 

Of  Phlogiston.* 

It  will  be  proper  here  to  take  notice  of  x 
principle  which  modern  chemiftry  aflumes,  as  ne- 
ceflary  to  the  exiftence  of  inflammable  bodies,  as 
that  which  renders  them  fuch,  or  in  other  words  as 
th  t principle  of  inflammability . The  French  che- 

mifts  have  indeed  lately  attempted  to  prove  from- 
the  production  of  water,  when  inflammable  and 

vital 

* This  principle  will  be  confldered  more  fully  when  we  treat 
of  elallic  fluids. 
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vital  air  are  mixed  in  due  proportions,  and  kin- 
dled in  a clofe  veffcl,  that  there  was  no  fuch  prin- 
ciple as  phlogiflon;  and  they  have  endeavoured 
to  propagate  and  maintain  their  inference  by  coin- 
ing new  terms,  and  forming  a new  language,  to 
render  their  opinions  univerfal,  and  fubjugate  the 
mind  of  man  to  their  tenets.  How  far  there  is  any 
foundation  for  their  difearding  phlogiflon,  reafon- 
ing  from  their  own  experiment  will  be,  I hope, 
rendered  evident,  by  the  following  part  of  this 
Lecture ; which  is  principally  extracted  from  Dr. 
Hutton’s  ff  Dilfertations  on  different  fubjedls  of 
Natural  Philofophy.” 

If  you  wifh  to  fee  the  errors  in  their  reafon- 
ing,  the  falfity  of  their  principles,  and  the  vanity 
and  weaknefs  of  their  alfumptions  fully  proved,  I 
muff  refer  you  to  the  excellent  letters  publifhed  by 
Mr.  de  Luc , in  the  Journal  de  Phyfique  for  1790, 
1791,  and  1792. 

Not  content  with  the  difeoveries  they  had 
made,  they  have  endeavoured  to  explain  combuf- 
tion  upon  a mifapplied  and  erroneous  principle. 
They  affert  in  theory,  though  they  contradid:  the 
affertion  in  explanation,  that  vital  air  contains 
in  itfelf  the  principle  of  fire,  and  that  it  is  the  fire 
lurking  therein,  that  immerges  upon  the  combina- 
tion of  this  air  with  the  particular  fubffance  of 
the  burning  body.  Placing  the  light  and  heat  all 
in  the  vital  air,  they  confider  the  phlogiftic  prin- 
ciple exifling  in  the  body  itfelf  as  unneceffary,  and 
have  therefore  profcribed  it,  in  their  tyrannical 
arrangement  of  the  fubjed:. 

I think  the  confiderations  I am  goingto  lay  be- 
fore you,  will  prove,  that  their  theory  does  not 
explain  the  principal  appearances  for  which  the 
term  phlogiflon  has  been  adopted  in  fcience,  and 
that  they  have  therefore  been  only  introducing  er- 
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tor,  by  imputing  certain  effedts  to  improper  and 
inadequate  caufes. 

The  doctrine  of  phlogiflon,  as  underflood  by 
modern  chemifls,  implies,  that  a quantity  of  fire, 
or  the  matter  of  light  and  heat,  is  occafionally  con- 
tained in  bodies  as  a part  of  their  compofition\  and 
that  thefe  bodies  poffefs  this  naturally  diffuflve 
iubflance,  upon  a different  principle  from  that  of 
heaty  or  any  other  befldes  this,  which  is  peculiar 
to  itfelf.  Thefe  bodies  are  called  phlogiflic 
bodies. 

Phlogiflon,  thus  confidered,  feems  to  form  a 
fubflance  fui  generiSy  differing  from  every  other 
fubftance  in  a body.  It  may  be  confidered  as  a trea- 
fure  within  them  of  light  and  heat,  to  be  difpenfed 
in  the  abfence  of  the  fun,  both  for  the  various  pur- 
poles  of  neceffity  and  convenience,  in  the  (Eco- 
nomy of  the  world. 

On  the  fuppofition  of  phlogifton,  the  light 
w hich  is  propagated  from  a burning  body,  belong- 
ed to  that  body,  and  made  part  of  it’s  fubftance. 

Inflammable  bodies  lofe  their  luminous  fub- 
fbmce  in  burning,  after  which  they  can  by  no  means- 
be  kindled,  unlefs  their  luminous  fubftance  be 
again  reffored  to  them,  which  is  done  by  the  che- 
mical action  of  another  phlogiflic  body  on  the 
remains  of  the  firfl.  But  here  alfo  the  fecond  bo- 
dy is  deprived  of  it’s  phlogiflic  qualities,  while  it 
reflores  them  to  the  lirfl  ; and  becomes  as  incapa- 
ble of  emitting  light  and  heat  in  the  way  of  inflam- 
mation, as  if  it  had  already  undergone  that  procefs 
in  the  mofl  complete  manner.  Examples  ot  this 
are  found  in  the  burning  of  zinc,  of  phofphorus, 
and  fulphur;  for  after  thefe  bodies  have  loll  their 
light  and  inflammability,  thefe  may  be  again  rc- 
ltored  by  means  of  a certain  quantity  ot  charcoal, 
which  is  thereby  coniumed,  or  lofes  it’s  combufli- 

9 

ble  principle. 


From 
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From  the  important  changes  produced  in  an 
inflammable  body  by  burning,  as  well  as  from  the 
amazing  quantity  of  light  emitted  in  that  opera- 
tion, it  is  inferred,  that  the  body  has  loft  a great 
and  material  part  of  it's  lubftance.  It  is  allowed, 
that  bodies  in  burning  or  calcining  are  combined 
with  a large  quantity  of  atmofpheric  matter,  which 
changes  all  their  fenftble  qualities ; but  it  is  allb 
contended,  that  they  are  more  changed  than  what 
they  ought  to  be  from  the  additions  they  have  re- 
ceived, or  the  new  combinations  which  have  been 
formed. 

As  the  weight  of  bodies  is  not  diminifhed  by 
burning,  it  may  therefore  be  juftly  fuppofed,  that 
there  is  in  the  conftitution  of  inflammable  bodies 
a peculiar  fubftance  productive  of  their  eminent 
qualities,  a J'ubftance  diftinct  from  all  matter  that 
gravitates , yet  a fubftance  by  which  our  organs  of 
fenfation  are  immediately  affected. 

The  Reality  of  Phlogiston  proved  by 
Decomposition  of  Water. 

In  the  well  conducted  experiment  of  Mr. 
Lavoifier,  we  will  fuppofe  for  the  prefent  the 
analyfis  of  water  to  be  well  eftabliftied ; but  in 
thofe  experiments,  by  which  the  compoiition 
of  water  is  made  to  appear,  the  phlogiftic  prin- 
ciple will  be  found  alfo  to  have  acted  it’s  part,  and 
you  will  find  this  elementary  fubftance  in  that 
very  operation  by  which  the  compoiition  of  water 
was  detected. 

. There  are  fome  circumftances  concerning  this 
important  experiment,  which  feem  to  have  efcaped 
the  attention  of  the  excellent  chemifts  who  made 
it,  the  ncgledl  of  which  renders  their  theory  im- 
perfect, their  reafonings  inconcluftve. 

- . . In 


; 
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In  this  inquiry,  we  abftain  as  much  as  pofllbie 
from  every  thing  foreign  to  the  fubjeCt  of  phlo- 
gifton, and  we  only  inquire  into  the  nature  of  wa- 
ter, fo  far  as  the  production  thereof  is  connected 
with  the  decompofition  of  that  particular  phlogiftic 
body  we  are  to  examine  ; we  therefore  need  not 
confider  the  truth  of  their  theory,  relative  to  the 
nature  and  conltitution  of  water.  The  doCtrine  of 
phlogifton  is  as  independent  thereof,  as  it  is  con- 
trary to  their  deductions  from  the  theory  of  water. 

One  unknown  principle,  or  element  of  wTater,  is 
contained  in  the  inflammable  air  ; the  other  ele- 
ment of  water,  the  acidifying  principle,  is  in  the 
pure  vital  air ; that  is,  there  are  in  vital  air  and  in- 
flammable gas,  two  fubftances  extremely  attrac- 
tive of  each  other,  which  wflien  fufFered  to  unite, 
faturate  each  other,  and  form  a fubftance  perfectly 
different  from  it’s  conftituent  parts. 

Or  to  be  more  particular,  that  inflammable  air 
and  vital  air  being  mixed  in  due  proportion,  and 
this  mixture  kindled  in  a clofe  veflel,  the  two  elaf- 
tic  fluids  difappear,  and  a quantity  of  water  equal 
to  the  wreight  of  the  two  bodies  which  were  inclo- 
fed,  is  found  in  the  veflel  after  cooling.  From 
hence  it  has  been  concluded,  that  water  is  compo- 
fed  of  vital  and  inflammable  air,  and  that,  there  is 
not  required  any  phlogiftic  fubftance,  in  order  to 
explain  the  phenomena  of  burning. 

That 'there  is  an  immenfe  production  of  light 
and  heat,  where  the  twro  conftituent  principles  ol 
water  are  united,  is  allowed;  and  hence  moft  che- 
mifts  are  perfuaded  of  the  exiftence  of  a combina- 
tion of  fire  with  the  compofifrg  parts,  different  from 
what  is  called  latent  fire,  and  conftituting  w’hat 
they  call  phlogifton.  This  is  explained  in  the 
French  theory,  by  the  term  calcriquc , ufing  the 
term  here,  as  nearly  fynonimous  to  latent  fire. 
But  in  this  fenfe,  the  explanation  is  inadequate. 
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for  the  common  do&rine  of  latent  fire  does  not 
feem  fufiicient  for  the  folution  of  the  phenomena. 
For  the  materials  mixed  in  this  experiment  do  not 
unite  without  inflammation,  and  when  made  to 
unite,  by  being  kindled,  there  are  certain  appear- 
ances not  to  be  explained  by  the  theory  of  latent  heat. 

Now  here  it  becomes  an  objedt  of  inquiry, 
what  ingredients  vital  and  inflammable  air  con- 
tain, which  prevent  their  union.  Confident  with 
what  is  known  of  the  laws  of  nature,  this  cannot 
be  attributed  to  their  latent  fire. 

It  is  by  this  that  they  are  maintained  in  their 
elafiic  date  ; it  cannot  therefore  befuppofed,  that  an 
increafe  of  eladicity,  and  of  courfe  latent  fire,  can 
be  any  means  of  feparating  that  fire  ; that  when 
more  is  wanted  to  maintain  them  in  that  date,  what 
they  have  already  fhould  be  feparated  from  them, 
or  even  that  an  increafe  of  fenfible  heat  fhould  be 
the  caufe  of  feparating  the  latent  fire. 

There  is,  indeed,  no  foundation  for  fuppofing 
that  the  conditucnt  parts  of  water  in  this  experi- 
ment are  before  inflammation  kept  feparate  by  la- 
tent fire  ; but  that  they  are  combined  with  other 
JubJhinces  in  fome  particular  date,  by  which  their 
natural  union  is  dedroyed.  This  leads  us  to  exa- 
mine what  happens,  when  by  inflammation  the 
inflammable  fubjiance  is  deftroyedv  and  the  two  con- 
diment parts  ot  water  are  united  together. 

Ol  all  the  operations  of  man  exerting  his  fkil! 
in  nature,  the  inflammation  of  combuftible  bodies 
is  mod  worthy  of  attention.  From  a fmall  quan- 
tity of  matter,  he  produces  an  immenje  -power  of 
heat ; from  nothing  almod  he  makes  an  artificial 
fun,  and  difpenfes  light  without  the  aid  of  any 
thing,  but  what  is  in  the  compofition  of  the  body 
to  be  burned. 

But  what  is  it  that  man  does  on  this  occcijion  ^ 
He  giveth  the  fpark,  and  all  the  red  is  done  bv 
nature.  An  amazing  quantity  of  light  and  heat  is 

thus- 
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thus  produced,  and  the  great  eft  pofliblc  change 
takes  place  in  what  remains.  The  light  and  heat 
which  before  had  been  in  the  combuftible  materi- 
als, are  now  difperfed  in  the  univerfe,  and  what 
remains  of  thofe  bodies,  has  loll  the  power  of  pro- 
ducing light  and  heat. 

Here  is  a fource  of  power  of  which  man  has 
availed  himfelf ; by  knowing  the  laws  of  nature, 
he  rends  the  hardeft  rocks,  and  raifes  rivers  of  wa- 
ter from  the  bottom  of  his  mine,  by  the  action  of 
heat  produced  in  the  inflammation  of  combuftible 
bodies. 

But  no  fooner  is  the  combuftion  completed, 
than  the  body  has  loft  it's  power  of  inflammation,  it 
is  left  a mafs  of  gravitating  matter,  no  longer  fer- 
viceable  to  man  as  an  addition  to  his  natural 
ftrength.  How  then  is  the  body  to  recover  this 
power?  It  was  by  emitting  heat  and  light,  that  the 
burning  body  loft  it’s  power  ; it  was  by  applying 
fire,  that  the  dccompoling  operation  was  excited. 
We  cannot  therefore  look  for  the  reftoration  of 
that  power  by  means  of  fire  or  heat.  Nothing  but 
the  operations  in  nature  can  reftore  again  that  pow- 
er, by  fupplying  it  with  a phlogillic  fubftance, 
again  to  be  confiimed,  by  which  a body  is  formed, 
which  may  in  a limilar  manner  be  ferviceable 
to  man  and  the  world. 

Light  and  heat  have  been  feparated  bn  the  uni- 
on of  the  two  airs  in  forming  of  water,  and  there 
is  no  reafon  for  prefuming  that  the  latent  lire  was 
the  caufc,  which  prevented  their  union;  and  fur- 
ther on  inquiry  it  will  be  found,  that  there  is  no 
reafon  to  fuppofe,  that  the  matter  feparated,  and 
adding  as  heat  and  light,  was  w hat  had  been  retain- 
ed before  as  latent  fire. 

That  the  latent  lire  of  thefe  aeriform  fubftances 
would  be  fufficient  to  heat  a folid  body,  equal  to  the 
dmoft  intenfe  degree  of  incandefcence,  will  be  rea- 
dily 
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dily  granted.  But  you  mull  remember  in  the  cafe 
before  us,  that  where  the  water  is  formed,  and 
heat  appears,  the  two  aeriform  fluids,  or  rather  the 
water  into  which  they  are  changed,  does  not  con- 
crete into  a folid  fubflance,  but  is  at  firft  in  the 
form  of  a vapour  or  fleam,  which  occupies 
as  much  fpacc  as  the  two  aeriform  fluids  did,  be- 
fore they  a died  on  one  another,  and  will  therefore 
require  the  whole , or  nearly  the  whole  of  their  latent 
fire}  to  give  it  that  form,  without  being  made  fen- 
fibly  hotter  than  they  were  before ; but  the  fiafli, 
and  other  phenomena  in  the  operation,  {hew  that 
there  is  a fudden  manifeflation  of  heat,  when  the 
watery  vapour  is  formed.  This  cannot  be  pro- 
duced by  this  latent  fire,  which  only  becomes  fen- 
iible,  when  the  fluid  containing  it  is  condenfed 
or  concealed. 

O | 

Latent  fire  cannot  be  the  caufe  of  the  inflam- 
mation which  takes  place  upon  the  compofiticn  of 
water,  for  on  this  fuppofition,  they  muff  have 
emitted  the  light  and  heat,  either  in  their  conden- 
fed Hate  of  water,  or  in  the  Bate  of  vaporific  ex- 
panfion.  If  in  the  condenfed  ftate,  the  luminous 
body  mud  be  exceeding  final  1,  which  is  not  the 
cafe,  being  a great  flame.  If  on  the  other,  they 
emit  it  in  the  expanded  ftate,  they  emit  a quantity 
which  we  cannot  fay  was  their  latent  fire,  for  their 
elaftic  fluidity  flill  fubfifts,  to  which  ftate  it  is  ab- 
folutely  neceflary.  It  muff  therefore  proceed  from 
Tome  other  modification  of  the  folar  fubflance  or 
fire  in  their  bodies,  which  may  with  propriety 
be  called  a phlogiftic  fubflance,  before  it’s  emiffion 
from  thefe  aeriform  bodies,  as  it  is  certainly  fire 
the  moment  it  is  fet  at  liberty. 

Befides,  there  are  folid  denfe  fubftances  (as  Jul- 
phur  and  iron)  which  canbefuppofcd  tohold  but  lit- 
tle latent  fire,  which,  when  they  are  kindled  in  vital 
air,  emit  apparently  as  much  light  and  heat  as  if 

they 
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they  had  been  fubftances  in  an  extremely  expanded 
Hate:  fo  that  if  latent  heat  be  the  caufe,  it  muft  be 
attributed  to  the  air  alone ; on  which  unreafonable 
fuppofition,  the  inflammable  air  in  the  experiment 
we  have  been  conlidering  would  contribute  nothing 
to  the  production  of  light  and  heat. 

According  to  the  French  theory,  charcoal  is 
confidered  as  an  uncompounded  fubftance,  which, 
in  burning,  is  luppofed  to  be  fimply  combined 
with  vital  air  ; here  al/o  the  light  and  heat  produ- 
ced in  burning  the  charcoal,  remain  to  be  explain- 
ed; for  here,  inftead  cf  finding  an  expanlive  fluid 
rendered  concrete,  we  find  a folid  concreted 
fubftance  expanded  into  the  elaftic  form  of  fixed 
air.  We  have  therefoie  to  inquire  how,  on  the 
new  theory,  they  can  account  not  only  for  the 
light  and  heat  of  burning,  but  for  the  latent  fire 
required  to  maintain  the  elaftic  fluid.  It  muft 
explain  the  creation  of  the  light,  the  fenfible  heat, 
and  the  latent  fire. 

If  more  were  ncceffary  on  this  head,  I might 
refer  you  to  Mr.  Bertholiet  himfeff,  the  founder 
and  fupporter  of  the  French  fyftem.  In  his  trea- 
tife  on  the  art  of  dying,  he  owns  "that  the  receiv- 
ed principles  of  heat  can  only  be  confidered  as  fup- 
pofitions.”  After  this  confeflion,  it  is  to  be  hoped 
the  advocates  for  the  new  theory  will  be  more 
modeft,  and  not  fo  hafty,  as  to  coniider  it  demon- 
ftrated.  Again,  we  find  him  own  in  the  fame 
work,  that  " the  heat  of  combuftion  does  not  pro- 
ceed folely  from  the  vital  air,  but  is  alfo  furnillied 
by  the  burning  body.” 

This  is  confefting  all  that  we  contend  for, 
namely,  that  in  combuftion  the  light  and  heat  is 
furnifhed  partly  by  the  combuftible  body,  partly 
by  the  vital  air  ; but  the  greateft  quantity  by  the 
combuftible  body.  1 hus  is  the  difpute  reduced  to 
one  of  words,  and  as  far  51s  relates  to  this  point 
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the  calorique  combine  is  nothing  more  than  phlogif- 
iotjy  or  the  inflammable  principle. 

Before  I conclude  this  part,  I fhall  lay  before 
you  a paffage  of  Mr.  de  la  Methcrie,  which  con- 
firms what  has  been  already  mentioned ; namely, 
that  it  is  not  the  latent  fire  that  fupports  the  elaftic 
Fate  of  vital  air.  Fie  firft  fhews  that  this  aifertion 
is  contrary  to  their  own  theory,  ihe  proof  of  which 
would  lead  me  into  an  uninterefting  detail ; he  then 
Ihews  that  the  effeds  of  vital  air  cannot  arife  from 
the  combined  caloric, which  renders  this  air  elaftic  ; 
for  there  are  numerous  phenomena  where  vital  air, 
not  being  in  an  elaftic  ftate,  produces  the  fame 
effed.  The  vital  air  in  the  nitrous  acid,  in  the 
dephlogifticated  marine  acid,  and  in  metallic  calxes, 
is  not  in  an  elaftic  ftate,  yec  produces  the  fame 
effects -as  when  it  is.  All  the  combinations  of 
nitre  with  combuftible  bodies  burn  with  adivity. 
What  a quantity  of  light  and  heat  is  difengaged 
from  gunpowder  by  the  fmalleft  fpark ! If  the 
powder  be  made  with  dephlogifticated  marine  falts, 
it  will  inflame  and  explode  merely  by  fridion,  &c. 
&c.  M.  de  la  Metherie  brings  forward  many 
other  important  inftances  to  prove  the  fame  point. 
I fhall  mention  but  one  more:  the  caloric  (fire)  that 
keeps  vital  air  in  an  elaftic  ftate,  does  not  differ 
from  the  caloric  which  fupports  other  gaffes  in  the 
fame  ftate;  why  do  they  not  alfo  exhibit  light 
and  heat  when  they  lofe  their  elaftic  ftate  ? From 
thefe  reafons  it  is  plain,  that  we  muff:  not  con- 
lider  the  efteds  of  vital  air  in  combuftion  as  owing 
to  the  combined  fire,  which  is  the  caufe  of  it’s 
elaftic  itv. 

J 

Senfible  heat  and  latent  fire  are  mutually  con- 
vertible ; but  from  what  has  been  faid,  as  well  as 
from  other  reafons,  it  feems  clear,  that  there  is  not 
a fufficient  quantity  of  commutable  fire  in  vital  air 
to  explain  the  incandefcence  of  bodies;  and  con- 

fequently. 
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fequently,  that  they  do  not  burn  on  account  of 
latent  fire.  But  1 finall  alfo  now  fhew  you,  that 
when  bodies  emit  light,  in  confequence  of  the  de- 
compofition  cf  their  phlogiitic  fubftance,  this 
luminous  matter  had  not  been  derived  immediately 
from  any  fpecies  of  heat ; but  that  it  is  a luminous 
emanation  proper  to  the  decompofition  of  phlo- 
gifiic  fubftance,  and  is  the  fenfible  effect  and  proof 
of  that  operation. 

This  is  proved,  firft,  by  {hewing  that  when 
inflammable  bodies  in  aftateof  vapour  are  kindled, 
it  is  not  the  vapour  heated  to  incandefcence  that 
emits  the  light,  but  the  intenje  illumination  that 
gives  the  heat.  Secondly,  bodies  which  have  no 
more  than  the  common  temperature  of  the  atmo- 
fphere,  may  emit  light  by  the  emiffion  of  their 
phlogiitic  fubftance. 

Nowr  by  confidering  the  flame  of  a candle,  you 
will  find  proofs  of  the  firft  cafe.  For  if  it  be  the 
emiflion  of  light  which  heats  the  elaftic  fluid  in 
contact  with  the  luminous  body,  wfe  fhall  find  a 
fleam  of  iritenfely  heated  vapour  afeending  along 
the  flame  of  the  candle,  without  having  the  power 
to  emit  light.  That  this  is  the  caufe,  you  may  eafily 
prove.  Take  a fmall  bit  of  clay,  like  a grain  of 
corn,  fufpend  it  by  a {lender  wire  above  the  flame 
of  a candle  ; and  let  a lcreen  be  placed  near  the 
candle,  fo  as  to  hide  the  flame  ; and  you  will  per- 
ceive that  the  ftream  of  heated  air,  which  has  no 
power  of  illumination,  will  heat  the  little  body 
to  incandefcence  at  a conliderable  diftance  above 
the  flame. 

Light  may  be  emitted  on  the  decompofition 
of  phlogiftic  fubftances,.  not  only  without  fuffi- 
cicnt  intenfity  of  heat  to  form  incandefcence  in 
any  body,  but  without  any  perceptible  increale  ot 
heat  in  the  body,  which  is  to  emit  the  light. 

Examples 
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Examples  of  this  may  be  taken  in  living  ani- 
mals, which  have  a power  of  emitting  light;  alfo  in 
the  dead  bodies  of  animals  and  vegetables  going  to 
decay.  It  is  alfo  well  illuftrated  by  a chemical 
fubflance,  pholphorus;  no  body  burns  more  fiercely 
than  this,  when  it  is  kindled.  Yet  it  may  be 
decompofed  by  atmofpheric  air,  without  burning 
in  the  ordinary  manner,  that  is,  without  acquiring 
any  fenlible  degree  of  heat,  far  lefs  of  one  capable 
of  caufing  incandefcence : this  change  however  is 
not  effected  without  the  body  emitting  it’s  phlogif- 
ton  in  the  form  of  light.  Now  where  are  we  to 
feek  for  this  luminous  matter,  but  in  the  refolution 
of  the  phlogiftic  fubflance  ? I have  fhewn  that  at- 
mofpheric air  does  not  give  it  in  the  form  of  corn- 
mutable  latent  lire.  It  does  not  proceed  from  the 
increafed  degree  of  fenlible  heat ; we  are  therefore 
conftrained  to  believe,  that  in  the  decompofition 
of  the  phlogiftic  body,  the  folar  fubflance  which 
had  been  detained  in  the  phlogiftic  compofition  is 
liberated,  and  efcapes  in  t-he  form  of  light. 

Thus  it  is  plain,  that  phlogiftic  bodies  contain  a 
certain  quantity  of  the  matter  of  light  and  heat,  in  a 
different  ft  ate  from  that  in  which  the  fame  matter  is 
employed,  either  in  the  fluidity  or  ex pan ft  on  of  bodies, 
and  which  is  not  transferable  in  the  manner  offenft - 
ble  heat  ,*  and  this  may  be  properly  termed  their 
PHLOGISTIC  PRINCIPLE. 

That  this  fubflance  has  not  weight,  can  only  be 
received  as  an  objection  by  thofe  who  admit  the 
univerfality  of  gravitation  in  matter,  but  can  have 
no  influence  upon  thofe  who  deny  this  principle. 

From  what  has  been  faid  we  may  now  gain  a 
clearer  view  of  the  different  modifications  or  flate 
of  the  matter  of  heat  and  light  in  bodies. 

Senfible  heat  is  fire  in  a hate  in  which  it  is 
transferable  among  bodies  communicating  together 
y immediate  contadl;  every  additional  quantity  in- 
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crcafes  the  volume  of  the  body,  the  abftradtion  of 
it  diminifhes  the  volume ; it  alfo  produces  in  fen- 
fitive  bodies,  the  fenfation  of  heat  and  cold. 

Latent  fire  is  of  two  kinds  ; that  of  fluidity, 
and  that  of  elafticity.  The  heat  of  fluidity  is  that 
quantity  or  modification  of  fire,  which,  without 
cither  affect ing  the  volume  or  the  fenfe,  caufes  flu- 
idity ; that  is,  converts  a hard  concreted  body  into 
a fluid  de-ftitute  of  hardnefs  or  concretion.  This 
has  nothing  to  do  with  the  prefent  cafe,  as  the  bo- 
dies are  equally  fluid,  before  and  after  burning. 
The  heat  of  fluid  elafticity  is  that  portion  of 
the  commutable  and  transferable  fubftance  of  fen- 
iible  and  latent  fire,  w-hich,  inftead  of  increafing 
the  volume  in  a fmall  degree,  or  deftroying  the 
hardnefs,  feparates  it’s  parts  indefinitely,  and  by 
which  they  acquire  anelaflic  and  expanfive  power. 
You  have  feen  that  the  heat  of  burning  bodies 
does  not  arife  from  the  latent  or  expanding  heat  of 
the  oxygenous  gas. 

This  famous  experiment  of  burning  the  twTo  airs 
in  the  forming  of  water,  fhewrs  that  the  phlogiftic 
matter  in  the  compofition  of  bodies  neither  adds 
to  their  gravitation,  nor  impairs  their  weight ; for 
in  this  experiment,  the  quantity  of  light  and  heat 
is  fo  great  a thing  in  proportion  to  the  weight  ot 
the  inflammable  bodies,  that,  if  this  fugitive  fub- 
ftance had  any  effedt  upon  the  gravitation  ot  thole 
bodies  to  the  earth,  it  muft  have  been  fenlible  up- 
on this  occafion. 

Bodies  which  poffefsthe  quality  of  being  emi- 
nently reiolviblc  in  giving  light,  are  called  inflam- 
mable, or  combuftible  bodies ; but  as  it  is  often  ne- 
ceflary  to  give  a name  to  this  transferable  fubftance, 
chemifts  have  termed  it  phlogifton. 

Of  the  Production  of  Phlogiston. 

As  phlogiftic  bodies  lofe  their  peculiar  fub- 
ftance by  a general  and  neccflary  operation,  there 
~ muft 
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muft  be  another,  or  contrary  operation  in  nature, 
whereby  they  regain  it.  For  as  this  fubftance, 
whatever  it  be  called,  is  wafted  in  burning  of  bo- 
dies, there  mult  be  another  operation  by  which  it 
muft  be  renewed. 

It  is  in  animal  and  vegetable  fubftances  that  we 
muft  feek  for  this  productive  operation;  for  water  is 
not  more  effential  to  the  conftitution  of  thefe  orga- 
nized bodies,  than  phlogiftic  matter  by  which  they 
may  be  made  to  burn. 

Phlogiftic  matter  is  absolutely  neceffary  to  ani- 
mal life,  for  animals  muft  have  a Source  of  heat, 
which  in  the  oeconomy  of  their  nature  muft  be  in 
perpetual  wafte  : of  the  deftruction  of  phlogiftic 
fubftance,  the  consumption  of  vital  air,  which  ne- 
ceftarily  happens  in  the  breathing  of  animals,  is  a 
lufficient  proof.  This  vital  principle  of  the  at- 
mofphere  performs  the  Same  function  in  the  lungs 
of  animals,  as  in  the  experiment  by  which  the  rege- 
neration of  w'ater  appears  to  be  So  beautifully 
proved.  Here  then  is  alfo  a wafte  of  atmofpheric 
air,  which  muft  be  again  reftored  to  the  fyftem  of 
nature. 

Animal  bodies,  in  whoSe  operations  phlogifton 
is  confumed,  are  Supplied  immediately  with  this 
Subftance  for  their  food.  But  as  all  animals 
are  ultimately  fed  on  vegetable  fubftances,  we 
are  led  to  look  to  vegetation,  or  the  procefs  by 
which  thefe  fubftances  are  produced*  It  is  here  wre 
are  to  difcover  the  Source  of  this  transferable  Sub- 
ftance, which  plants  Supply  in  feeding  animals,  and 
which  animals  confume  in  the  production  of  their 
heat. 

Next  after  animal  life,  in  the  consideration  of 
Divine  Providence,  is  placed  the  vegetable  fyftem. 
The  earth  is  beautifully  contrived  for  their  fupport, 
and  the  proper  objeCt  of  the  mineral  kingdom 
would  appear  to  be  the  preparation  of  a Soil,  in 
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which  plants  are  to  be  fufiained.  The  folid  rock, 
the  moveable  fand,  the  fluid  wind,  are  all  equally 
adapted  to  the  fervice  of  the  vegetable  fyftem  ; a 
iyffem  fo  contrived,  as  to  find  in  every  climate 
proper  foil,  as  well  as  in  every  Toil  proper  cli- 
mate. 

But  foil  alone  will  not  fupply  the  neceffaries 
of  life  to  vegetable  bodies ; the  wholefome  influ- 
ence of  the  air  is  as  necelfary  to  them  as  to  animals> 
although  it  Items  to  aCton  each  in  a different  man- 
ner.  We  have  now  therefore  to  examine  how  far  the 
air  corrupted,  in  it’s  necelfary  ufe  by  animals  and 
burning  bodies,  fhall  berelfored  by  that  operation 
of  a plant,  in  which  the  air  is  required  as  a necef- 
fary  condition. 

That  the  atmofphere  is  purified  by  growing 
vegetables,  was  a natural  conjecture;  this  is  now 
verified  by  the  accurate  experiments  of  Dr.  Ingen- 
houz,  and  the  beautiful  theory  of  Mr.  Lavoilier, 
on  the  compofition  of  water.  By  thefe  we  find, 
that  in  vegetation,  phlogiftic  matter  is  prepared, 
and  vital  air  given  out. 

Plants  muff  receive  their  phlogiftic  matter,  ei- 
ther iff,  from  the  foil  into  which  their  roots  extend ; 
or  2dly,  from  the  atmofphere  in  which  they  grow  ; 
or  -}dly,  mult  generate  it  within  themfelves,  by 
means  of  materials  received  from  without. 

With  refpeCt  to  the  firft  means,  it  is  well 
known,  that  the  fertility  of  vegetable  foil  is  ex- 
tremely increafed  by  the  addition  of  phlogiftic  fub- 
ftances,  fuch  as  are  found  in  animal  and  vegeta- 
ble bodies;  but  thefe  being  ftill  ultimately  of 
vegetable  production,  it  would  be  in  vain  to  look 
here  for  a fource  of  phlogifton  to  repair  the  gene- 
ral wafte. 

Let  us  now  therefore  fee,  what  fupplies  maybe 
obtained  from  the  atmofphere  ; and  here  we  fhall 
turn  our  view  towards  the  influence  of  light,  for 
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the  phlogiftication  of  vegetable  bodies.  When 
you  furvey  the  earth  covered  with  fuch  various 
tribes  of  plants,  and  when  you  obferve  the  differ- 
ent foliage  of  thofe  organized  bodies,  extended 
with  fuch  art  as  if  defigned  that  no  fay  of  light- 
might  efcape  without  paying  it’s  tribute  to  vegeta- 
tion ; and  when  you  join  to  this,  the  faculty  thar 
plants  have  of  turning  their  leaves  always  to  the 
light ; lhould  wc  not  then  conclude,  that  the  expo- 
ling  a large  furface  to  the  atmofphere  for  perfpira- 
tion  is  not  the  only  purpofe  for  which  the  foliage 
of  plants,  correfponding  to  the  lungs  of  animals, 
has  been  intended. 

But  more  than  probability  is  obtained,  when 
we  conlider  the  invigorating  power  of  light  on 
plants,  independent  of  the  effects  of  heat  and  air, 
and  the  neceflity  of  this  luminous  fubfhmce,  though 
not  to  the  life  or  vegetation  of  plants,  yet  to  the 
proper  increafe  and  production  of  vegetable  fub- 
itances.  Here  then  is  the  place,  where  the  com- 
bination of  the  folar  fubftance  is  made  for  the  pro- 
duction of  phlogiftic  matter. 

To  be  perfectly  affured  of  this,  let  us  examine 
whether  there  is  any  effeCt  proper  to  phlogiftic 
matter,  which  uniformly  attends  the  expofition  of 
vegetable  bodies  to  the  folar  light,  and  exifts  only 
in  confequence  of  this  illuminating  caufe.  Now 
there  is  no  eiteCt  of  phlogiftic  matter  in  bodies 
more  certain,  than  colour,  or  blacknefs,  by  which 
the  incident  light  is  more  or  lefs  abforbed  in  the 
fubftance  of  a body.  Hence  the  production  of  a 
coloured  fubftance  in  a body  which  was  not  co- 
loured before,  may  be  confidered  as  an  evidence 
that  phlogiftic  matter  has  been  compofed  in  that 
body.  But  this  is  the  cafe  with  plants ; they  only 
grow  coloured,  or  acquire  the  green  colour  of 
their  leaves,  in  confequence  of  being  expofed  to 
the  light. 
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This  colouring  fubftance  is  not  produced  in 
confequence  of  vegetation  alone ; for  plants  may 
vegetate  in  the  dark,  without  acquiring  this  co- 
lour. It  is  not  the  effect  of  heat,  like  the  black-, 
nefs  produced  in  a white  vegetable  fubftance, 
placed  in  the  focus  of  a burning  lens,  becaufe  plants 
growing  in  the  dark,  may  have  equal,  or  more 
heat,  than  thofe  growing  in  the  light,  without 
acquiring  any  coloured  fubftance. 

This  theory  may  be  confirmed  alfo  byobferv- 
ing  the  eftecfts  of  the  fun’s  rays  upon  dead  and  liv- 
ing plants.  To  the  living  bodies,  it’s  eft'edls  are  to 
give  colour  ; on  the  other  to  difeharge  it.  It  is  in 
the  organized  body  of  the  living  plant,  that  phlo- 
giftic  matter  is  formed  by  the  combination  of  the 
folar  fubftance. 

If  you  find  the  reftoration  of  vital  air  in  the  at- 
mofphere, proceeding  in  the  fame  progreftion  with 
phlogiftic  fubftance,  you  may  conclude  that  this  is 
the  means  employed  by  nature  in  re-eftablifhing  the 
falutary  quality  of  the  atmofphere.  I his  and  other 
truths  are  proved  by  the  fatisfa&ory  experiments 
of  Dr.  Ingenhouz. 

Plants  growing  in  the  fun,  emit  from  their  leaves 
a pure  vital  air,  whereas  grown ng  in  the  dark,  the 
production  of  this  fubftance,  as  w ell  as  that  of  co- 
lour, is  interrupted. 

Thus  as  in  the  deepmpofing  of  phlogifton, 
whether  by  breathing,  or  by  burning,  the  atmo- 
fpheric  air  is  corrupted  ; fo  again,  on  compounding 
phlogifton,  by  the  growing  of  vegetable  bodies 
e^pofed  to  the  light,  the  atmofphere  is  reftored  to 
it’s  nature. 

So  much  beauty  of  order  and  contrivance  have 
been  difeovered  in  the  oeconomy  of  animal  and 
vegetable  bodies  fuftaining  themfelves  in  forming 
,a  certain  circulation  of  matter,  and  employing  the 
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great,  the  general  agents  of  this  world,  air,  light, 
heat,  that  nothing  can  be  more  interefting  or 
important  in  the  ftudy  of  nature. 

It  may  be  neccffary  to  examine  an  objeddon 
which  may  be  made  to  this  theory,  from  the  expe- 
riments of  Sir  Ben'].  Thompfon,  who  procured  pure 
vital  air  in  great  quantities  by  expoling  fil.k  and 
various  other  bodies  in  funfhineto  the  water.  His 
experiments,  when  conlidered,  will  be  found  to 
give  additional  proof  to  this  theory;  he  does  in- 
deed fhew  another  fource  for  vital  air  belides  what 
is  procured  from  the  vegetation  of  the  inclofed 
leaves,  but  he  by  no  means  fhews  that  vital  ait  is 
.procured  without  vegetation;  for  vital  air  is  never 
procured  without  water  becoming  green  and  turbid; 
but  when  we  find  the  water  becoming  green,  and 
animalcules  appear,  have  we  not  then  every  reafon 
to  prefume  that  the  animalcules  have  been  fed  on 
plants,  and  that  thofe  plants  emitted  vital  air  ? 

When  in  ftudying  the  fyftem  of  nature,  we 
obferve,  that  every  thing  is  in  addon  for  forne  pur- 
pole;  that  oppofite  powers  are  continually  ballan- 
cing  each  other,  or  alternately  prevailing;  and  that 
the  general  end  in  view  is  to  contribute  every  thing 
requifite  for  the  neceflities,  for  the  conveniences  of 
animal  life ; we  find  ourfelvcs  pleafed  with  this  fub- 
jedi  of  contemplation,  and  interefted  in  what  re- 
lates to  nature. 

We  may  now  endeavour  to  take  a general  view 
of  that  contrivance  which  may  be  perceived  in  the 
means  employed  by  Divine  Providence  for  the 
important  operations  of  fuftaining  animal  life,  and 
forming  of  the  inert  mafs  of  this  earth  a living 
world. 

In  this  fyftem  of  organized  matter,  which  is 
comprehended  in  the  idea  of  the  w orld,  the  emana- 
tion of  matter  from  the  fun  may  be  conjidered  as  one 
of  the  prime  movers  of  the  machine.  At  the  fame 
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time,  gravitation,  which  is  another  of  thofe  powers, 
would  foon  bring  all  the  matter  of  this  machine  to 
red:,  and  would  lock  up  every  body  in  a date  of 
the  mod  abfolute  inactivity.  Confequently,  if  we 
reafon  confidently  with  our  own  ideas,  it  is  not 
either  by  the  one  or  other  of  thofe  two  great  agents 
alone  that  the  natural  operations  of  this  world  are 
conduced,  but  by  the  joint  aCtion  of  them  both  ; 
each,  at  the  fame  time,  having  it’s  peculiar  office, 
which  it  is  the  bufinefs  of  fcience  to  didinguifh. 

Thus  that  great  agent  which  regulates  our  pla- 
netary fydem,  and  gives  life  to  nature,  aCts  upon 
the  furface  of  this  earth ; and  it  there  performs 
different  operations,  according  to  the  various  con- 
ditions in  which  it  aCis.  Under  the  form  of  heat, 
it  feparates  and  didends  unorganized  matter  or  dim- 
ple bodies,  and  it  fufpends  the  hardnefs  or  parti- 
cular attractive  powers  of  their  fubdance.  Or- 
ganized and  fenfitive  bodies,  again,  it  adeCts  with 
the  fenfations  of  light  and  heat ; but  in  another 
fpecies  of  organized  living  bodies,  that  is,  plants, 
which  have  no  fenfe,  no  knowledge,  no  means  of 
underdanding,  it  produces  peculiar  effeCts ; it 
paints  the  various  colours,  fo  to  lpcak,  of  their 
dirfinguifhable  parts  ; it  gives  them  their  peculiar 
virtues,  which  are  various  fpecific  tades  and  fmclls; 
and  it  dores  them  with  a certain  fubdance,  from 
which  they  derive  the  general  property  of  occafion- 
ally  exciting  light  and  hea&. 

From  this  fuhlunary  fcore,  then,  of  the  folar 
fubdance,  we  are  to  look  for  the  emanation  of  fuch 
virtues  as  belonged  to  the  parent  power.  Accord- 
ingly, in  plants  thus  prepared  by  the  hand  of  Pro- 
vidence, arc  placed  the  fudenance  of  animal  life, 
and  all  the  comforts  which  attend  a living,  feeling, 
and  perceiving  being. 

For  this  purpofe  of  cheri filing  life,  it  is  ne- 
cefdary  to  didribute  to  animals,  from  the  vegeta- 
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ble  ftorc  of  nature,  heat  and  light  proportioned  to 
their  neceffities,  and  apportioned  to  the  various 
purpofes  for  which  thofe  adlive  powers  are  allot- 
ted. This  adlive  principle,  then,  is  amply  pro- 
vided to  animals  in  their  food ; and,  while  the 
growing  bodies  of  thofe  animals  are  increafed  with 
the  neceflary  nutriment  which  comes  from  plants, 
at  all  times  the  vital  fundHons  are  properly  fuftain- 
ed  with  that  fubftance  which  had  been  originally 
of  vegetable  produdiion. 

But  in  order  to  accomplifh  thofe  defigns,  this 
folar  fubftance  flared  in  the  vegetable  bodies  muft 
be  refolved  from  it’s  confined  ftate,  and  this  muft 
be  performed  according  to  fome  meafured  opera- 
tion. It  isdiere  that  fo  much  wifdom  or  contri- 
vance is  to  be  perceived  in  the  operations  by  which 
animals  acquire  their  heat,  and  by  which  bodies, 
naturally  opake,  are  made  to  imitate  the  luminary 
of  the  world,  and  to  fupply  his  place  for  all  the 
purpofes  of  life. 

Suppofing  thofe  fadts  to  be  fufficiently  evin- 
ced, let  us  now  extend  our  views  into  the  general 
fyftem  of  material  things,  in  applying  thofe  inve- 
ftigated  principles  of  adlion  to  the  necefiary  opera- 
tions of  this  world. 

Here  is  an  objedl  highly  worthy  of  our  atten- 
tion. To  contemplate  a fyftem  in  which,  while 
the  various  purpofes  of  a world  fo  bountifully  pro- 
vided for  are  ferved,  there  is  exhibited  a ftill  more 
interefting  profpedt ; it  is  that  of  finding  perfec- 
tion manifefted  in  each  part  of  nature.  Now,  this 
muft  be  the  cafe,  fo  far  as  in  this  great,  in  this 
amazingly  complicated  machine,  we  can  fee  no 
ufelefs  matter,  no  inefficient  form,  no  unappro- 
priated adlion,  and  no  fuperfluous  power.  If  wif- 
dom regulates  this  great  machine,  if  order  is  efta- 
blifhed  in  it's  infinitely  multiplied  and  minuteft 
parts,  (as  we  have  every  reafonto  fuppofe,)  how  plea- 
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fant  is  it  to  behold  the  manifeftation  of  unbounded 
power  conducted  with  benevolent  delign  ! What 
iatisfadfion  to  an  intelligent  mind  to  obferve  per- 
fect order  in  the  molt  complicated  parts  of  nature  ; 
to  trace  the  efficient,  as  well  as  to  perceive  the 
final  caufe ; and  to  fee  the  wifdom  in  which  ends 
have  been  benevolently  chofen,  and  means  effec- 
tually appointed  for  the  accomplifhment  of  thofe 
ends  ! 

If  the  wifdom  of  man  is  to  be  employed  in 
conducting  fcience  for  the  greateft  benefit  to  human 
nature,  what  end  can  be  propofed  more  effedtuaj 
for  producing  happinefs  in  a thinking  being,  than 
is  the  manifefiation  of  a Supreme  Power , w ho  acts 
with  juftice  and  with  wifdom?  But,  in  finding 
the  perfedt  adjufiment  of  ends  and  means  in  every 
part  of  nature,  w?e  neceflarily  conclude,  that  there 
is  a fuperintending  Being,  w'hofe  power  and  wifdom 
far  exceed  the  comprehenfion  of  our  fubordinate 
capacity. 

It  is  not  to  evince  thofe  metaphyfical  and 
moral  truths  that  the  phyfical  fyftem  of  things  is 
here  inquired  into;  but  it  is  the  phyfical  fyllem 
that  I would  now’  fupport  by  metaphyfical  and 
moral  arguments  ; being  perfuaded  that  thole  dif- 
ferent branches  of  fcience,  when  taken  in  a philo- 
fophical  or  general  view,  ferve  to  throw  mutual 
light  upon  each  other. 

It  muff  not  be  alledged,  that  natural  philofophy 
is  not  concerned  with  final  caufes;  the  contemplation 
of  ends  without  means  zvould  add  nothing  to  the  'Value 
or  lufre  of  human  wifdom  y and  far  less  would  tiie 

KNOWLEDGE  OF  MEANS  WITHOUT  ENDS.  It  Mlllft 

not  appear  idle  fpeculation  to  difeover  the  con- 
nexion of  efficient  and  final  caufes;  lor,  as  in 
feeing  means  properly  adjufted  to  an  end,  we  may 
perceive  the  wifdom  of  Providence,  fo,  in  acknow  - 
ledging this  wifdom,  we  may  find  fome  means  of 

trying 
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trying  every  theory  with  refpeft  to  phyftcal  caufes : 
for,  every  law  of  nature  being  thus  heccffarily  con- 
ceived to  be  in  wifdom,  we  have  in  this  a rule  by 
which  to  try  every  pretended  law  of  nature.  Now, 
though  we  may  not  thus  politively  dilcover  what 
we  want  to  know,  we  may  negatively  attain  our 
end,  in  diftinguifhing  what  is  erroneous. 

This  world  confifts  in  a fyftem  of  moving 
bodies,  aduated  by  a caufe,  and  tending  to  an 
effed  ; that  is,  in  a defign,  where  ends  have  been 
contrived,  and  means  are  appointed  for  conducing 
to  thofe  ends.  Here  is  a proportion  which  fhould 
be  well  examined;  for  thus  maybe  underftood  the 
proper  object  of  natural  philofophy,  which  is  the 
general  fcience  of  things.  Philofophy  is  not  em- 
ployed in  tracing  the  fpecial  order  of  events  in  the 
progrefs  of  changing  things  : this  is  the  province 
of  the  particular  fciences.  The  proper  purpofe  of 
philofophy  is  to  fee  the  general  order  that  is  efta- 
blifhed  among  the  different  fpecies  of  events,  by 
which  the  w hole  of  nature,  and  the  w ifdom  of  the 
fyftem,  is  to  be  perceived. 

Whether  we  conceive  this  world  as  a mecha- 
nical machine,  effecting  it’s  purpofe  by  the  apti- 
tude of  it’s  various  parts  ; or  as  a chemical  procefs, 
changing  the  fenfible  qualities  of  the  different 
bodies  of  which  it  is  fo  properly  conftruded  ; there 
are  neceffarily  required  powders  in  order  to  aduate 
that  moving  fyftem  in  w'hich  w e live.  Nowr,  here 
we  may  perceive  two  different  powers;  gravitation, 
on  the  one  hand,  by  which  all  the  parts  of  this 
material  fyftem  fhould  be  preferved  in  one  united 
mafs ; and  heat,  on  the  other,  by  which  means 
reft,  the  ultimate  effed  of  gravitation,  fhould  be 
removed  from  this  united  mafs  containing  organized 
living  bodies.  When,  on  the  one  hand,  gravita- 
tion is  fuppofed  to  prevail,  bodies  are  made  to  form 
an  inert  mafs,  in  which  could  be  no  fyftem  or  no 

change. 
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change.  When  heat  again  prevails,,  bodies  are 
difpfirfed  as  matter  moving  infpace  without  a pro- 
per purpofe  : but  by  a jult  combination  of  thofe 
two  different  powers,  we  find  moveable  and  moving 
bodies  properly  difpofed  in  a great  and  connected 
fyftem  of  things,  where  a circulation  of  matter  is 
eftabli died,  where  the  deftrudtion  of  every  indi- 
vidual thing  is  only  the  means  employed  for  repro- 
ducing others  of  the  fame  fpecies,  and  where  the 
natural  tendency  of  every  living  thing  is  to  pre- 
ierve  itfeif,  and  thus  to  maintain  that  order  of 
things  which  is  perceived  in  this  world. 

Without  the  influence  of  the  fun,  this  world 
would  remain  an  ufelefs  mafs  of  inert  matter ; but 
with  that  influence,  which  is  diffributed  fo  wifely 
in  the  different  regions  of  this  earth,  we  find  mo- 
tion is  excited  among  the  invifible  parts  of  bodies, 
plants  are  made  to  grow,  and  animals  are  enabled 
to  live,  and  find  the  means  of  purfuing  their  vari- 
ous ceconomy  : but,  in  the  abfence  of  the  fun,  there 
is  required  fire;  this  is  an  inferior  fource  of  light 
and  heat;  and  this  is  a fubordinate  caufe  ofadtion 
or  efficiency  in  that  mafs  of  gravitating  matter 
which  otherwife  would  be  inert. 

Now  it  is  not  poflible  to  explain  this  fource 
of  adtion,  this  neceffary  caufe  of  vital  motion,  upon 
gravitating  principles  alone  ; for  however  we  may 
multiply  and  combine  attractive  caufes,  nothing 
will  hence  refult  but  reft,  as  the  end  or  the  eifieft. 
But  this  is  not  the  cafe  when  weconfider  this  mafs 
of  gravitating  matter  actuated  by  that  powerful 
influence  which  appears  to  be  derived  from  the 
fun,  and  which  counteracts  that  tendency  to  reft 
inherent  in  the  matter  of  this  globe.  Here  we  have 
two  moving  caufes  conflantly  operating  in  the 
fyftem ; powers  varioufly  oppofing  each  other’s 
.action,  and  alternately  prevailing ; confequently  a 
qaufc  for  action  and  re-adtion,  without  any  abfo- 
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lute  reft.  Thus  thofe  oppoftng  powers  confpire  to 
form  a fyftematic  order  in  material  things,  an  order 
of  moving  bodies,  which  neither  of  thofe  caufes 
fingly  could  have  accomplifhed,  and  an  order  of 
life  and  circulation,  which  the  conftant  adtion  of 
the  one  power,  and  the  continual  or  repeated  in- 
fluence of  the  other,  certainly  maintains. 

It  is  in  tracing  the  various  fteps  in  this  fyftem 
of  material  things,  (a  fyftem  fubfervient  to  our 
fenfe,  and  conducive  to  the  enlargement  of  our 
intellect,)  that  natural  philofophy  is  employed. 
However,  therefore,  the  mere  chemift  may  take 
for  granted,  or  as  principles,  fire  and  heat,  with- 
out inquiring  into  their  caufe,  a natural  philofopher 
muft  explain  from  whence  it  is  that  heat  fhould 
come  on  all  occafions,  and  how  that  heat  is  to  be 
employed  in  the  fervice  of  the  fyftem.  Hence  the 
laws  of  heat  and  cold,  of  condenfation  and  expan- 
iion,  of  the  retenflon  and  emiflion  of  light,  are 
equally  neceflary  in  the  fyftem,  and  proper  to  be 
known  in  the  philofophy  of  nature,  as  is  the  mea- 
furmg  of  that  power  by  which  the  planets  are 
preferved  in  their  orbits,  or  by  which  is  efta- 
blifhed  the  fpherical  figure  of  this  globe. 

Thus  the  fyftem  of  this  world  depends  on  ve- 
getation. Vegetation,  again,  depends  on  light, 
as  well  as  on  heat ; and  both  thefe  requifite  con- 
ditions are  procured  by  .the  influence  of  the  fun  : 
but,  for  vegetation,  light  and  heat  are  no  more 
neceflary  than  as  a proper  fupply  of  humidity,  and 
other  requifite  conditions  which  are  obtained  from 
the  atrnofphere.  Therefore  it  is  here  neceflary  to 
fee  that  particular  law  of  nature  on  which  theprof- 
perity  of  plants,  and  the  oeconomy  of  living  bodies, 
depend. 

How  much  realon,  then,  have  we  to  admire 
the  fyftem  of  Providence  ! We  fee  and  feel  with 
pleafure  the  ends  which  are  attained ; and  we  never 

fail 
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fail  to  be  gratified  in  proportion  as  we  comprehend 
the  means  which  are  employed.  The  circumvo- 
lution of  our  globe,  in  a fyftem  of  planetary  bodies, 
rendered  it  neceflary  that  we  fhould  have  day  and 
night,  fummer  and  winter,  that  is,  alternate  fea- 
fons  of  light  and  darknefs ; the  neceffities  of  our 
animal  nature  required  the  provident  feafons  of 
fpring  and  autumn ; and,  to  fenhtive  beings,  the 
occafional  abfence  of  the  fun  demanded  a fubor- 
dinate  fource  of  light  and  heat.  Now  all  thefe 
ends  appear  to  be  attained  by  the  proper  adjuft- 
ment  of  the  two  different  fpecies  of  matter,  viz, 
of  that  by  which  bodies  are  expanded,  and  made 
foft  or  fluid,  and  of  that  by  which  they  gravitate, 
and  become  hard  and  folid  ; of  that  matter  by 
which  they  are  naturally  cold  and  dark;  and  of  that, 
again,  by  which  they  may  occafionally  become  hot 
and  luminous.  It  is  in  thefe  effeCis  that  we  are 
enabled,  firft,  to  read  the  laws  of  gravitation  and 
chemical  attractions ; fecondly,  to  form  a judg- 
ment with  regard  to  the  nature  of  the  matter  which 
is  confidered  as  flowing  from  the  fun;  and,  laftly, 
to  fee  the  various  modifications  of  that  folar  fub- 
ftance  by  which  the  inert  bodies  of  this  world  are 
actuated,  contrary  to  the  natural  tendency  of  their 
gravitating  matter. 
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LECTURE  IX. 

Of  Fire. 

IT  will  be  my  endeavour,  in  this  Ledture,  to  ex- 
plain to  you  feme  other  properties  of  that 
wonderful  element,  fire,  with  which  all  bodies  in 
nature  are  imbued,  furrounded,  and  penetrated, 
and  which  fills  up  every  interval  between  their 
particles.*  The  ancient  heathen  philofophers, 
wrhen  they  contemplated  the  wonderful  privilege 
of  man  in  enjoying  the  ufe  of  the  element  of  fire, 
perfuaded  themfelves  it  was  a privilege  too  great 
for  man’s  eftate  in  this  world,  and  that  it  wras 
originally  ftolen  from  heaven,  and  that  the  very 
theft  w7as  the  crime  which  brought  all  manner  of 
evil  into  the  w7orld. 

Ladtantius,  a chriftian  father,  among  other 
arguments,  to  fhewr  the  fuperiority  of  man  in  the 
creation,  and  the  immortality  of  his  nature,  pro- 
duces this,  that  of  all  the  creatures  knowrn  to  us, 
man  is  the  only  one  who  has  the  command  and  ufe 
of  the  element  of  fire.  He  is  familiar  with  that 
heavenly  fubftance,  w ithout  which  there  is  neither 
light  nor  life,  while  the  moft  ferocious  of  beads 
are  alarmed  by  it,  and  fly  from  it.  He  is  entrufted 
with  a power  moft  like  to  that  of  God  himfelf,  who 
has  the  direction  of  all  the  elements  ; he,  therefore, 
has  a privilege  which  diftinguifhes  and  fets  him 
above  all  other  creatures.  How  dreadful  wrould  it 
have  been  if  brute  creatures  had  been  entrufted  writh 
the  fame  liberty,  if  there  had  been  the  ufe  of  fire 
w'here  there  is  not  the  ufe  of  reafon  ! Sorry  am  I 
to  add  to  Ladfantius,  that  in  this,  as  in  every 
other  inftance,  man  roo  often  abufes  the  liberty 
w’ith  which  he  is  bleiled,  and  perverts  it  to  the  de- 

ftrudtion 
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ftruCtion  of  his  fellow  creatures.  Happy  will  be 
the  day  when  men,  inftead  of  flattering  themfelves 
with  the  enjoyment  of  abftraCt  rights , fhall  con- 
lider  their  refpeCtive  duties , and  employ  themfelves 
in  fubduing  their  own  paflions,  inftead  of  railing 
evil  and  malignant  difpolitions  in  others : then 
would  all,  under  every  form  of  government,  enjoy 
real  liberty,  liberty  to  do  all  poflible  good,  and  be 
reftrained  from  all  evil ; and  thus  there  would  be 
fafety  to  the  perfons  and  properties  of  every  indi- 
vidual. Give  me  leave  to  introduce  a paffage  on 
this  fubjeCt  from  a writer  whom  I fhould  be  happy 
to  introduce  to  your  acquaintance,  as  a real  friend 
of  liberty  and  freedom  of  thought,  whofe  writings 
are  characterized  by  their  peculiar  and  unaffected 
candour,  great  good  humour,  and  found  reafon- 
ing;  a writer  who  at  times,  as  in  the  following 
palfage,  can  innocently  fport  and  play,  and  at 
other  times  employ  all  the  mafeuline  energy  of 
truth  in  protecting  virtue,  or  detecting  falfehood. 

Speaking  of  liberty,  he  thus  accoftsher:  "Hail 
glorious  liberty  ! the  choice!!  privilege  of  imperial 
man ! the  prerogative  by  which  he  exercifes  his 
dominion  over  this  fublunary  kingdom ! thou  de~ 
lighteft  to  dwell  in  this  my  native  land,  the  happy 
Britain  ! whofe  fons  in  former  times  have'ltruggled 
hard  for  thee,  enduring  diltrefles,  toils,  and  bloody 
conflicts,  that  they  might  tranfmit  thy  b Idlings  to 
us  their  children.  Thou  halt  fnapped  fhort  the  iron 
rod  of  defpotic  fway,  broken  through  the  enormous 
rule  of  many  made  for  one,  and  taught  power 
wherein  it’s  real  ltrength  and  true  glory  coniilts. 
Thou  halt  dragged  tongue-tied  fuperjliiion  at  thy 
chariot-wheels,  and  bound  in  fetters  that  daftard 
(lave  implicit  faith,  that  ufed  to  fetter  the  very 
thoughts  of  men.  Thou  openelt  the  chambers  of 
feience,  burlting  afunder  the  ipfe  dixit s that  had 
barred  up  more  than  half  the  avenues.  Thou 

clear  eft 
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cleared  away  the  film  from  our  eyes,  that  we  may 
fee  for  ourfelves ; and  flrengtheneft  our  feet  that 
we  may  walk  without  a leading-firing.  O let  us 
never  part  with  the  valuable  inheritance  our  an- 
ceflors  have  left  us ; nor,  I trufl,  fhall  we  ever  let 
it  Hip  out  of  our  hands  : let  us  only  beware  that  we 
be  not  beguiled  by  falfe  appearances  > nor  enticed 
away  from  our  goddefs  by  a phantom  reprefenting 
her  likenefs. 

For  there  are  counterfeits  abroad,  pretenders 
that  alfume  thy  robe  and  geflures.  The  mimic  ape, 
licentioufnefs>  imitates  thine  intrepid  air,  and  con- 
fident gait.  The  blatent  beaft  prophanes  thy  daring 
language  with  his  unbridled  tongue.  Conceited 
pertnefs  teaches  the  new  loofened  fchool-boy,  and 
the  novel-fludied  girl,  the  fcorn  of  tutorage  and 
controul.  Irreverent fanaticism , ill-copier  of  thine 
cafy  carriage  before  Superiors,  rufhes  with  faucy 
familiarity  into  the  council-chamber  of  heaven. 
And  lion-fkinned  free-thinking , fafe  a debtor  of  thy 
bravery,  infults  whom  thou  haft  difarmed,  ten 
times  Hays  the  flain,  and  claims  to  be  the  foie 
gatherer  of  thy  fpoils.  They  range  the  world  with 
a boilterous  rabble  tagging  at  their  heels  ; clamour, 
arrogance,  mifreprefentation,  perverfenefs,  cavil, 
intemperate  j eft,  loud-laughing  mockery,  and  hood- 
winked mifrule.  They  fpare  not  things  facred  nor 
prophane,  but  pluck  the  grey  beard  of  experience, 
tear  the  prelate’s  lawn,  revile  the  rulers  of  the 
people,  and  fpare  not  the  Lord’s  anointed.  The 
unlucky  monkeys  tofs  all  about  them  in  confufion, 
and  grin  at  the  wild  work  they  make  ; they  fcatter 
abroad  fire-brands  and  arrows,  and  cry.  Are  we 
not  in  fport  ? They  delight  to  trip  up  the  unwary,  or 
entangle  the  feeble  in  their  webby  filaments,  and 
then  chuckle  with  joy  to  fee  the  perplexities  they 
have  occalioned. 

But  thou,  genuine  liberty > offspring  of  all-pro- 
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tedling  Jove,  and  fitter  of  Uranian  Venus,  who 
difpenfeth  his  bleflings  from  her  horn  of  plenty, 
thou  lovert  order  and  decency ; for  thou  knoweft  the 
world  is  upholden  by  order , and  the  blifs  of  heaven 
maintained  by  free  obedience.  Therefore  thou 
recommended  regularity  and  fubordination  to  the 
fons  of  men:  thou  dandeft  upon  law  and  ordinance 
as  thy  bafes  ; rule  and  authority  as  thy  fupporters  ; 
found  reafon  and  uniform  prudence  as  the  ground 
thou  walked  upon  ; difcretion  and  cautious  referve 
go  before  as  thy  harbingers ; and  much-enduring 
charity  departcth  not  from,  thy  fide.  The  moded 
virgins  warn  thee  which  wray  to  diredt  thy  deps, 
that  thou  hurt  not  the  fimple,  or  cover  thee  with 
--Veils  that  thou  give  them  not  offence  j for  when 
thou  walked  forth  in  the  fields  of  ipcculation,  or 
dretched  thy  ken  to  the  fources  of  ufeful  fcience,  the 
w eak-fighted  cannot  fudain  thy  piercing  look,  nor 
the  feeble  dand  againd  the  brufh  of  thy  durdy 
tread.”* 

Of  the  Firing  of  Gunpowder. 

The  fudden  explofion  or  detonation  of  gunpow- 
der is  the  next  effedt  of  fire  which  we  have  to  con- 
fider,  an  eftedl  which  gave  rife  to  the  preceding 
refledtions.  Detonation  is  a fpeedy  and  rapid  in- 
flammation, which  occaficnsa  noife  by  the  indan- 
taneous  formation  of  a vacuum. 

Gunpowder  is  a compolition  confiding  of  fait - 
'y?tre,  fulphur , and  charcoal;  a mixture  whofe 
pow  erful  effedts  are  derived  from  it’s  great  combuf- 
tibility.  The  principal  things  to  be  confidered  in 
making  of  gunpowder,  are  the  goodnefs  of  the 
ingredients,  the  manner  cf  mixing  them,  the  pro- 
portion in  which  they  are  combined,  and  the 
drying  of  the  pow  der  after  it  is  made. 

Saltpetre  and  fulphur  mixed  together  give  no 

explofion  ; 
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explofion  ; fulphur  and  charcoal  give  no  explofion ; 
and  though  faltpetre  and  charcoal,  when  intimately 
united,  do  give  an  explofion,  yet  it  is  probably  of 
far  lefs  force  than  what  is  produced  from  a mix- 
ture of  the  three  ingredients. 

If  faltpetre  be  expofed  to  a ftrong  heat,  it 
melts,  and  becomes  red-hot,  and  the  volatile  pro- 
dud:  is  found  to  conlift  of  fuming  nitrous  acid,  a 
large  quantity  of  vital  air,  fome  phlogifticated  air, 
the  alkali  remaining  behind. 

When  a combuftible  fubftance  and  faltpetre 
be  brought  into  contadf,  either  of  them  being 
previoufly  heated  red-hot,  the  body  is  heated  with 
great  rapidity ; no  doubt  from  the  vital  air  which 
is  difengaged  by  the  heat,  as  the  experiment  fuc- 
ceeds  in  vacuo,  and  alfo  when  the  bodies  are  fur- 
rounded  by  an  aeriform  fluid  incapable  of  main- 
taining combuftion. 

The  rapid  combuftion  effedfed  by  nitre,  when 
it  is  performed  by  a fuccefiive  burning  of  the  parts 
of  a body,  is  called  deflagration ; when  it  is  per- 
formed in  fo  fhort  a time  as  to  be  nearly  inftanta- 
neous,  it  is  called,  as  was  obferved  before,  detonation , 

It  is  remarkable  in  this  experiment,  that  the 
combuftion  is  maintained  by  the  vital  air  combined 
with  the  nitre : it  is  this  property  of  the  faltpetre 
that  has  been  applied  to  the  production  of  gun- 
powder. 

This  dcftruddve  powder  is  compofed  of  75 
parts,  by  weight,  of  nitre,  9 \ of  fulphur,  and  1 5 { 
of  charcoal ; thefe  fubftances  are  intimately  blended 
together  by  being  triturated  from  ten  to  fifteen 
hours  in  wooden  mortars  with  peflles  of  the  fame 
fubftance  ; a fmall  quantity  of  water  is  added  from 
time  to  time  to  moiften  the  mixture ; when  the 
whole  of  the  fluid  is  evaporated,  fo  that  the  powrder 
will  not  foil  an  earthen  plate,  it  is  carried  to  be 
granulated,  which  is  effected  by  patting  it  through 
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iieves  whofe  perforations  are  of  various  fizes ; and 
thefe  being  fhaken  or  rolled  in  a barrel,  take  a 
rounded  form  from  their  friddon  againf  each 
other. 

From  the  experiments  of  Meffrs.  Beaume  and 
D’arcy,  it  is  clear,  i.  That  good  gunpowder  cannot 
be  made  without  fulphur.  2.  That  charcoal  is  in- 
difpenfably  neceffary.  3.  That  the  quality  of  gun- 
powder depends,  Cdeteris  'paribus , upon  the  care  with 
which  the  materials  are  blended  together.  4.  That 
the  effedl  of  gunpowder  is  greater  when  fimply 
dried,  than  w hen  it  is  granulated. 

All  the  phenomena  which  attend  the  inflam- 
mation of  gunpowder,  depend  entirely  on  it’s  great 
combuftibility.  The  intimate  mixture  which  has 
fo  great  an  influence  on  the  force  of  gunpowder,  is 
the  principal  caufe  of  it’s  effects  ; the  nitre  is  equal- 
ly difperfed  among  all  the  particles  of  very  com- 
buftible  matter;  as  the  quantity  of  nitre  is  greateft, 
each  particle  of  fulphur  and  charcoal  is  furrounded, 
and  as  it  were  covered  with  nitre.  Nitre  affords, 
by  the  application  of  heat,  great  quantities  of  vi- 
tal air.  The  fame  thing  therefore  happens  in  this 
combuftion,  as  is  obferved,  when  a combuftible 
body  is  plunged  into  a veffel  filed  with  vital  air; 
that  is  to  fay,  it  is  burned  wdth  greater  vivacity, 
and  . in  lefs  time,  than  in  common  atmofpheric  air. 
It  follow's  therefore,  that  the  fulphur  and  the 
charcoal  mu  ft  be  burned  in  an  infant,  being 
plunged  in  an  atmofphere  of  vital  air.  Hence  the 
rapid  decompofition  of  nitre,  and  the  rapid  inflam- 
mation of  the  powder.  1 his,  together  with  it  s ta- 
king place  in  ciofe  veflcls,  may  in  a great  degree 
account  for  the  violent  force  with  w Inch  it  explodes, 

and  drives  every  obrtaele  before  it. 

The  quantity  of  fire  difengaged  at  the  moment 
of  detonation  contributes  conliderably  to  the  ex- 
panfve  effect  of  gunpowder.  Although  fire  pene- 
r trates 
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trates  through  the  pores  of  every  fubflance  in 
nature,  it  can  only  do  fo  progrellively,  and  in  a 
given  time  : hence  when  the  quantity  difengaged  at 
once  is  too  large  to  get  through  the  pores  of  the 
furrounding  bodies,  it  mult  neceffarily  acd  in  the 
fame  way  with  ordinary  eladic  fluids.  This  mud 
at  lead  take  place  in  part  when  gunpowder  is  fet 
on  fire  in  a cannon ; for  although  the  metal  is  per- 
meable to  fire,  the  quantity  indantaneoufly  difen- 
gaged is  too  large  to  find  it’s  way  through  it’s  pores; 
it  mufl  therefore  make  an  effort  to  efcape  on  every 
iide  ; and  as  the  furrounding  refiflance,  except  at 
the  muzzle,  is  too  great  to  be  overcome,  this  effort 
is  employed  in  expelling  the  bullet. 

Fire  produces  a fecond  effedt  from  it’s  expan- 
fivc  force,  which  caufesthe  aerial  fluids  difengaged 
at  the  moment  of  deflagration  to  expand  with  a 
degree  of  force  proportioned  to  the  temperature. 
It  is  probable  alfo  that  a quantity  of  inflammable 
air  is  difengaged  at  the  indant  of  deflagration, 
which  expanding  contributes  to  the  force  of  the 
explofion.  You  will  eafiiy  conceive  how  greatly 
this  circumfiance  mud  increafe  the  effedt  of  the 
powder,  if  you  confider  that  a pint  of  inflammable 
air  weighs  only  one  grain  and  two  thirds ; hence 
a fmall  quantity  in  weight  mud  occupy  a very  large 
fpace,  and  mud  exert  a prodigious  expandve  force 
in  palling  from  a liquid  to  an  aeriform  date  of  ex- 
idence.  Ladly,  a portion  of  undecompofed  water 
is  reduced  to  vapour  during  the  deflagration  of 
gunpowder ; and  as  water,  in  vapour,  occupies 
17  or  1800  times  more  fpace  than  in  it’s  liquid 
date,  this  circumfiance  mud  alfo  contribute  largely 
to  the  explofive  force  of  the  powder. 

The  permanently  elaflic  fluid  generated  in  the  • 
firing  of  gunpowder,  is  calculated  by  Mr.  Robins 
to  be  about  244,  if  the  bulk  of  the  powder  be  1 ; 
and  that  the  heat  generated  at  the  time  of  the  ex- 
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plofion,  occafions  the  rarified  air  thus  produced  to 
occupy  about  1000  times  thefpace  of  the  gunpow- 
der. This  preffure  may  therefore  be  called  equal  to 
1000  atmofpheres,  or  6 tons,  upon  a fquareinch. 

We  are  told  of  a fingular  circumftance  which 
attends  the  firing  of  gunpowder ; that,  although  it 
feems  to  generate  it’s  own  air,  and  expand  by  the 
force  of  it’s  own  materials,  a feed  of  the  common 
thiflle  with  it’s  down,  or  any  other  light  body,  fuf- 
pended  near  fired  gunpowder,  is  always  driven 
inwards  towards  the  powder  before  it  is  driven  off 
by  the  explofion. 

The  effects  of  this  mixture  are  nothing  in 
comparifon  with  thofeof  another,  called  fulminating 
powder ; which  is  made  by  rubbing  together  in 
a hot  marble  mortar,  with  a wooden  peflle,*three 
parts  by  weight  of  nitre,  two  of  mild  vegetable  al- 
kali, and  one  of  flowers  of  fulphur,  till  the  whole 
is  accurately  mixed..  If  a drachm  of  this  powder 
be  expofed  to  a gentle  heat  in  an  iron  ladle,  it  melts, 
and  foon  after  produces  a detonation  as  loud  as  the 
report  of  a cannon.  This  phenomenon  is  the  more 
extraordinary,  as  the  efl'edt  thereof  is  produced 
without  inclofing  the  powder  in  any  inftrument. 
It  is  explained  by  observing,  i.  That  this  ex- 
periment only  fucceeds  by  gradually  heating  the 
mixture  fo  as  to  melt  it.  2.  That  if  fulminating 
powder  be  thrown  on  ignited  charcoal,  it  only  de- 
tonates like  nitre,  but  with  very  little  noife. 
3.  That  a mixture  of  liver  of  fulphur  with  nitre, 
in  proportion  of  one  part  of  the  former  and  two 
of  the  latter,  fulminates  with  more  rapidity,  and 
produces  as  loud  a report  as  the  mixture  of  fulphur, 
nitre,  and  alkali.  Hence  it  appears,  that  when  ful- 
minating powder  is  heated,  liver  -of  fulphur  is 
formed  before  the  detonation  takes  place ; and  this 
will  lerve  to  account  for  the  whole  appearance. 

InfliupniTole  air  is  formed  from  the  liver  of 

fulphur, 
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fulphur,  while  the  fait  gives  vital  air;  thefe  two 
are  capable  of  producing  a ftrong  inflammation, 
and  are  fet  on  fire  by  a portion  of  the  fulphur  ; but 
as  the  thick  fluid  they  are  obliged  to  pafs  through 
prefents  a confiderable  obftacle,  and  as  the  whole 
takes  fire  at  the  fame  inftant,  they  ftrike  the  air 
with  fuch  rapidity,  that  it  refills  in  the  fame  man- 
ner as  the  chamber  of  a mulket  refills  the  expan- 
lion  of  gunpowder.  A proof  of  this  is  obfervable 
in  the  eftedt  the  fulminating  powder  has  on  the 
bottom  of  the  ladle  in  which  it  explodes.  The 
bottom  of  this  is  bulged  outwards,  and  the  fides  are 
bent  inwards,  in  the  fame  manner  as  if  it  had  been 
a died  on  by  a force  diredfed  perpendicularly  down- 
wards, and  laterally  inwards. 

The  moft  fur  prizing  inftance  of  chemical  detona- 
tion is  that  by  the  combination  of  volatile  alkali 
with  filver;  gunpowder,  and  fulminating  gold, 
are  not  to  be  compared  with  this  new  product ; as 
the  former  requires  ignition,  and  the  latter  a fen- 
fible  degree  of  heat,  to  make  it  fulminate. ' But 
the  flighted:  agitation  or  fridtion  is  fufficient  to 
caufe  the  fulminating  filver  to  explode.  When 
it  is  once  obtained , it  can  no  longer  be  touched . The 
falling  of  a few  atoms  of  this  preparation  from  a 
fmall  height,  produced  the  detonation  : a drop  of 
water  falling  on  it  had  the  fame  effedt.  No  attempt, 
therefore,  can  be  made  to  inclofe  it  in  a bottle, 
but  it  muft  be  let  alone  in  the  capfule,  wherein,  by 
evaporation,  it  obtained  this  terrible  property.  To 
make  this  experiment  withfafety,  no  greater  quan- 
tity than  a grain  of  filver  fhould  be  ufed,  and.  the  laft 
deficcation  fhould  be  made  in  a metallic  vefiel,  and 
the  face  of  the  operator  defended  by  a mafk,  with 
holes  for  the  eyes  defended  by  ftrong  glafs.  The 
explofion,  as  in  the  former  inftances,  depends  upon 
the  fudden  formation  of  aerial  fluids, 
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Of  Solution. 

This  is  another  operation  of  fire,  which 
is  conneded  more  or  lefs  with  every  pheno- 
menon in  nature.  When  the  parts  of  a folid 
body,  as  common  fait  or  fugar,  are  fo  united 
to  a fluid  as  wrater,  that  they  compofe  with  it  an 
apparently  homogeneous  fluid,  remain  fufpended 
in  it,  and  do  not  deftroy  it’s  tranfparency,  the  folid 
body  is  faid  to  be  dijfolved  in  the  fluid  ; the  opera- 
tion is  called  folution>  the  fluid  is  called  the  folvent , 
or  more  commonly  the  menjlruum  ; the  compound 
refulting  from  the  union  of  the  fluid  and  the  body, 
is  called  a folution  of  this  or  that  body,  in  this  or 
that  menftruum. 

In  chemiftry,  the  terms  folution  and  diffolution 
have  long  been  confounded,  and  have  very  impro- 
perly been  indiferiminately  employed  for  exprefiing 
both  the  divifion  of  the  particles  of  a fait  in  a fluids 
fuch  as  water,  and  the  divifion  of  metals  in  an  acid. 
A few  rcfleXions  on  the  effeX  of  thefe  two  opera- 
tions, will  foon  convince  you,  that  they  ought  not 
to  be  confounded  together. 

In  the  folution  of  falts,  the  faline  particles 
are  only  feparated  from  each  other,  but  neither  the 
fait  nor  the  water  are  at  all  decompofed ; \ye  are 
able  to  recover  both  the  one  and  the  other  in  the 
fame  quantity  as  before  the  operation.  The  fame 
thing  takes  place  in  the  folution  of  refins  in  alco- 
hol.& On  the  contrary,  during  metallic  diffolutions, 
a decorn pofition  either  of  the  acid,  or  ot  the  water 
which  dilutes,  always  takes  place  ; the  metal  com- 
bines with  the  acidifying  principle,  is  changed  into 
a calx,  and  an  elaftic  fluid  is  difengaged,  fo  that 
none  of  the  fubftances  employed  remain,  after  the 
operation,  in  the  fame  ffate  as  before.  1 his  article 
i;s  confined  to  the  conlideration  of  folution. 


The 


Nature  and  Properties  of  Fire.  377 

The  neceflary  conditions  for  folution,  are  a 
certain  accommodation  ot  the  parts  of  the  folvent 
to  thofe  of  the  folvend,  and  a proper  degree  of  mo- 
tion or  agitation  to  apply  the  parts  of  the  one  to 
the  parts  of  the  other  : of  this  motion  fire  is  the 
general  caufe.  "You  may  illuftrate  this  by  an  eafy 
experiment : if  you  place  a ball  of  clay  in  cold 
water,  it  remains  at  reff,  and  the  fluid  continues 
pure  as  before  ; but  if  you  fet  this  water  over  the 
fire  till  it  boils,  the  clay  is  foon  diffufed  through 
it,  and  the  w hole  is  turbid  as  long  as  the  parts  of 
the  water  are  agitated  by  the  lire  ; but  when  the 
water  grows  cold,  the  clay  fublides  to  the  bottom, 
and  leaves  the  water  clear.  Ihe  parts  of  the  clay 
being  fpecifically  heavier  than  thofe  of  the  wrater, 
ought  to  fubfide  in  them ; but  this  is  prevented  by 
a motion  from  the  parts  of  fire.  If  they  are  pro- 
perly agitated,  they  are  fufpended  in  the  fluid  ; and 
if  they  are  fufpended,  it  follows  that  they  are  agi- 
tated. From  extraordinary  cafes  we  are  to  learn 
what  happens  in  thofe  that  are  ordinary.  It  is  here 
evident,  that  fire,  by  it’s  motion,  feparates  and 
fufpends  the  parts  of  a folid  body  in  a fluid. 

Where  the  motion  of  fire  is  violent,  the  folu- 
tion is  quickly  accomplifhed,  and  a very  large 
quantity  of  the  folvend  is  fuffained  in  the  fluid 
medium.  Therefore,  in  all  ordinary  cafes,  where 
the  folution  is  flow  and  gradual,  and  the  quantity 
fufpended  is  but  inconfiderable,  the  fame  effedt  is 
produced  by  that  imperceptible  intefline  motion, 
which  conflantly  agitates  the  atmofphere  and  all 
things  therein.  The  conftant  exhalations  from 
the  furface  of  water,  fhew  that  there  muff  be  a 
perpetual  motion  of  it’s  particles  ; and  moft  men- 
ftruums  are  rendered  fuch,  and  derive  all  their 
adlivity  from  fire,  which  co-operates  with,  and 
gives  them  their  proper  effect. 

All  falts  may  be  liquified  by  fire  alone,  but  with 

different 
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different  degrees  of  temperature.  Some  of  thefe, 
as  the  acetated  pot-afh  and  foda,  liquify  with  a 
moderate  heat ; whilff  others,  as  vitriol  of  pot-afh, 
lime,  &c.  require  the  ihrongeft  fires  that  can  be 
made.  This  liquifadion  of  falts  by  fire  produces 
exactly  the  fame  phenomena  as  were  explained  to 
vou  when  I treated  of  the  liquifadion  of  ice. 
jure  is  employed  and  fixed  during  the  melting  of 
the  fait,  but  is  dif engaged  when  the  fait  coagulates. 
‘Thefe  are  general  phenomena  which  occur  univ  erf  ally 
during  the  pajfage  of  every  fpecies  of f ub fiance,  from 
a folid  to  a fluid  ft  ate , and  from  fluid  to  f olid. 

The  phenomena  which  arife  in  the  folution  by 
fire  alone,  are  always  more  or  lefs  conjoined  with 
thofe  that  take  place  during  folutions  in  water  : 
and  the  nature  of  the  folution  of  a fait  by  fire, 
determines  the  nature  of  a folution  by  water.  If, 
for  inftance,  a fait  be  difficultly  foluble  in  water, 
and  readily  by  fire,  it  evidently  follows  that  it  will 
be  eafily  folved  in  hot  water,  though  not  in  cold. 
But  if  it  be  fcarce  foluble  either  in  water  or  by  fire, 
the  difference  between  hot  and  cold  water  will  be 
very  inconfiderable.  Thefe  confiderations  fhew,  that 
there  is  a neceffary  relation  between  the  folubility  of 
fait  in  water,  and  the  degree  of  temperature  at 
which  the  fame  fait  liquifies  by  fire,  unaffifted 
by  water  ; and  that  the  difference  of  folubility  in 
hot  or  cold  water,  is  fo  much  greater  in  proportion 
to  it’s  ready  folution  in  fire,  or  in  proportion  to  it’s 
fufeeptibility  of  liquifadion  in  a low  degree  ot 
temperature.  Hence,  the  reafon  why  falts  are 
more  rapidly  foluble  in  hot  than  in  cold  water,  is 
perfectly  evident ; in  all  folutions  of  falts  fire  is 
employed;  when  fire  is  furnifhed  intermediately 
from  the  furrounding  bodies,  it  can  only  arrive 
fiowly  to  the  fait ; but  when  the  requifite  fire  exiffs, 
ready  to  ad  with  the  water  ot  folution,  it  operates 
di redly  on  the  fait. 


That 
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That  the  power  offolutionis  not  in  the  water, 
is  evident  from  the  following  experiment : Let 
fome  water  boil  over  the  fire  in  a glafs  veffel,  caff 
into  this  fea-falt  by  a little  at  a time,  and  you  will 
find,  that  after  a large  quantity  has  been  dilTolved, 
the  water  will  be  as  tranfparent  as  before;  which 
fhews  the  folution  to  be  perfect.  Then  let  the  vef- 
fel be  removed  from  the  fire,  and  as  the  water  be- 
gins to  cool,  fome  fait  will  fall  to  the  bottom  ; as 
it  approaches  nearer  to  the  temperature  of  the  air, 
more  and  more  of  the  fait  will  be  depofited  ; and 
hence  wTe  argue,  that  as  fire  keeps  the  larger  quan- 
tity fufpended,  what  remains  fufpended  at  laff,  is 
fupported  by  the  ordinary  effedl  of  the  remaining 
heat ; and  that  if  water  could  be  found  without  fire, 
it  would  be  without  the  powder  of  folution.  And 
indeed  this  power  never  fails  to  leave  it  at  a certain 
period,  as  when  the  water  is  frozen  into  ice ; be- 
caufe  a folid  mafs  cannot  adfc  as  a folvent.  The 
fame  medium  that  gives  it  fluidity,  makes  it  a 
menftruum,  and  it’s  diflolving  power  increafes  wdth 
it’s  heat.  Water  is  therefore  a folvent  only  as  far 
as  it  is  enabled  to  be  fo  by  fire,  and  confequently, 
in  fuch  folutions,  not  water  but  lire  is  the  agent. 

If  you  take  an  ounce  of  common  fait,  and 
throw  it  into  a quart  of  water,  in  a very  little  time, 
efpecially  if  the  w ater  be  ftirred,  the  fait  will  dif- 
appear,  being  uniformly  difperfed  through  the 
whole  body  of  the  water.  If  you  add  another  ounce 
of  fait,  that  will  alfo  be  diflolved,  but  not  fo  fpeed- 
ily  as  the  firfl.  By  this  power  of  folution  you  may 
add  fo  much  fait  to  the  w ater,  that  it  will  not  dif- 
folve  one  particle  more  ; the  water  in  this  bate  is 
properly  enough  faid  to  be  faturated.  This  how- 
ever does  not  prevent  a certain  quantity  of  another 
fait  being  diffolved,  and  after  that  perhaps  a third 
or  a fourth. 

Of 
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Of  Crystallization. 

In  this  procefs,  the  integrant  parts  of  a folid 
body  are  feparated  from  each  other  by  the  interven- 
tion oi  a fluid,  coalefce,  and  reproduce  a folid  mafs. 

When  the  particles  of  the  body  are  only  fepa- 
rated by  fire,  and  thereby  retained  in  a liquid  fate, 
all  that  is  neceflary  to  make  it  cryfl allize,  is  to 
remove  a part  of  the  fire,  which  is  lodged  between 
it’s  particles,  in  other  words,  to  cool  it.  If  this 
refrigeration  be  flow,  and  the  body  be  at  the  fame 
time  left  at  ref,  it’s  particles  aflume  a regular  ar- 
rangement, and  cryfallization,  properly  fo  called, 
takes  place.  But  if  the  refrigeration  be  made  ra- 
pidly, or  if  the  liquor  be  agitated  at  the  moment 
of  it’s  paflage  to  the  concrete  fate,  the  cryfalliza- 
tion is  irregular  and  confufed. 

The  fame  phenomena  occur  with  watery  fo- 
lutions,  or  rather  in  thofe  made  partly  in  water  and 
partly  by  fire.  So  long  as  there  is  a fufficiency  of 
fire  and  water  to  keep  the  particles  of  a body  aiun- 
der,  the  fait  remains  in  a fluid  fate ; but  when 
thefeare  not  prefent  in  fufficient  quantity,  the  fait 
recovers  it’s  concrete  form,  and  the  cryfals  pro- 
duced are  more  regular,  in  proportion  as  the  eva- 
poration is  flower  and  undifl urbed. 

All  the  phenomena  we  formerly  mentioned  as 
taking  place  during  the  folution  of  falts,  concur  in 
a contrary  fenfe  during  their  cryfallization.  Fire 
is  difengaged  at  the  infant  of  their  afuming  a fo- 
lid fate  : a further  proof  of  the  agency  of  fire. 
Hence  to  make  falts  crvfi  allize,  which  readily  liquify 
by  means  of  fire,  it  is  not  fufficient  to  evaporate  the 
water,  but  the  fire  united  with  them  mufi  alfo 
be  removed.  Saltpetre,  alum,  &c.  &c.  are  in- 
fiances in  which  to  make  the  falts  cryfallize, 
refrigeration  mufi  be  added  to  evaporation.  On  the 
other  hand,  fuch  falts  as  require  but  little  fire  to  be 
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kept  in  folution,  and  which  from  that  circumftance 
are  equally  foluble  in  cold  as  warm  water,  are  cry f- 
tallizable  by  evaporation  alone,  and  even  recover 
their  date  in  boiling  water.  The  feparating  mat- 
ter being  removed,  the  fairs  affume  a form  natural 
to  their  (late,  or,  in  other  words,  cryftalhzc. 

Of  Clarification. 

This  is  effeded  either  by  feparating  the  grof- 
fer  particles,  and  heterogeneous  matters,  from 
liquors,  fo  as  to  leave  them  clear  and  tranfparent ; 
or  by  red  idol  ving  the  parts,  which  are  tending  to 
a precipitation,  that  they  may  be  equally  diffufed, 
fo  as  to  become  invifible.  When  the  precipita- 
tion is  occafioned  by  that  contraction  which  pro- 
ceeds from  cold,  heat  is  the  natural  remedy.  If 
wine  is  grown  thick  and  turbid  with  cold,  a gentle 
warmth  will  promote  a folution,  and  make  it  clear 
again.  Urine,  when  exceedingly  turbid,  may  be 
reltored  to  it’s  former  tranfparency,  by  applying  an 
heat  equal  to  that  of  the  human  body.  Some  bo- 
dies are  purified  when  the  fire  carries  off  the  bafer 
part,  and  leaves  the  finer  : thus  gold  and  filver  are 
purified  in  the  furnace.  Other  matters  are  purified 
by  the  fire  carrying  off  the  finer  part,  and  leaving 
thofe  which  are  too  profs  to  afeend  : thus  fea-wa- 

vJ 

ter  is  made  frelh  by  diftillation.  But  the  effed  of 
fire  is  never  mere  manifeft  in  this  clarifying  work, 
than  when  it  raifes  a feum  to  the  top  of  a boiling 
liquor.  Fire  purifies  in  many  other  ways  known 
to  chdmift-painters,  dyers,  and  other  manufacto- 
ries. The  word  purity  is  bed  accounted  for  bv 
deriving  is  from  fire,  becaufe  fire  is  the  grand 
agent  which  purifies  all  things. 

Of  Odours. 

» 

Odours  are  fo  generally  excited  and  even  ge- 
nerated by  the  action  of  fire  on  various  fubflances, 

that. 
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that  fome  of  them  feem  to  owe  their  exigence  to 
it.  The  powder  of  brimftone  is  inodourous  when 
cold.  But  nothing  has  a more  pungent  fmeli  than 
the  vapour  thereof  when  opened  and  diffufed  by 
fire.  Vinegar  has  but  little  fmeli  in  the  common 
temperature  of  the  atmofphere,  but  when  heated, 
it  is  exceeding  ftrong  and  penetrating.  Little  or 
no  fmeli  is  perceived  in  the  frefh  bone  of  an  animal ; 
but  if  it  be  laid  on  the  fire,  the  fmeli  will  be  dif- 
fufed through  the  whole  houfe.  It  is  the  fame 
•with  feathers,  which  are  intolerably  foetid  when 
fcorched  in  the  fire.  This  ojfenfivc  fmeli  is  a crite- 
rion of  animal  fuhflanceSy  as  diftinguifhed  from  ve- 
getable, and  has  been  ufed  to  determine  to  which 
of  thefe  kingdoms  the  corals  and  coralline  bodies 
belong,  that  are  taken  out  of  the  fea.  All  the 
odours  arifing  from  putrifying  bodies  depend  much 
upon  the  adtion  of  heat;  and  it  appears  to  be  the 
defign  of  Providence,  that  when  carcafes  are  mod 
fubjedt  to  putrify,  and  become  noxious  with  the 
heats  of  fummer,  there  is  a generation  of  flies 
fwarming  in  the  air,  ready  to  remove  all  offences 
as  fafi:  as  poffiblc,  by  a voracious  breed  of  mag- 
gots. In  extreme  cold,  there  is  no  fmeli  from 
dead  bodies,  becaufe  there  is  no  putrifaftion.  As 
the  mod  fragrant  liquors  when  frozen  emit  no  fmeli, 
fb  the  carcafes  of  men  and  beafts  which  have  died 
upon  that  vafl:  ridge  of  mountains,  the  Andes,  in 
South-America,  are  reported  to  have  been  found 
untainted  for  many  years. 

Of  the  different  .Methods  of  exciting  and 

COLLECTING  FlRE. 

There  are  three  methods  of  exciting  fire : ift. 
By  the  colliflon  or  fridlion  of  folid  bodies.  2.  By 
fermentation  or  cffervefcence.  3.  By  uniting. the 
folar  rays. 


Colliflon 
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Collifion  or  fridtion  of  folid  bodies,  is  the 
means  mod  generally  ufed  tor  exciting  the  adtion 
of  fire.  The  vacuities  of  all  folid  bodies  are  replete 
with  fire,  fo  that  it  is  impoflible  to  agitate  or  Sepa- 
rate their  parts  fwiftly,  without  giving  the  fame 
rapid  motion  to  the  element  contained  within 
them.  When  a piece  of  hardened  fteel  is  (truck 
with  a flint,  fome  particles  of  the  metal  are  feraped 
away  from  the  mafs,  and  fo  violent  is  the  fire  which 
follows  the  ftroke,  that  it  melts  and  vitrifies  them. 
If  the  fragments  of  fteel  are  catched  upon  paper, 
and  viewed  with  a microfcope,  you  will  find  moft 
of  them  perfedt  fpherules,  and  very  highly  polifh- 
ed.  Their  fphericity  demonftrates  they  have  been 
in  a fluid  date,  and  the  polilh  upon  their  furface 
fhews  them  to  be  vitrified;  the  fire  being  difenga- 
ged  with  violence,  difpofes  the  particles  of  the 
fubftance  to  combine  with  the  vital  air,  while 
this  air  accelerates  the  combuftion.  The  whole 
of  the  heat  produced,  is  not  afforded  by  the  body 
itfelf,  becaufe  in  proportion  as  the  interior  fire  is 
difengaged,  the  external  air  adis  upon  the  body, 
and  gives  out  fire. 

It  is  not,  as  I have  al ready obferved  to  you,  every 
agitation , that  raifes  heat  in  bodies.  A bell>  or  other 
fonorous  body , may  receive  a ftroke > by  which  all  the 
particles  of  the  metal  are  thrown  into  a vibratory 
motion,  which  continues  for  fome  time,  but  is  not 
attended  with  any  heat.  The  following  conditions 
feem  to  be  requifite:  iff.  That  one  body  fhould 

be  in  contadt  with  another.  2.  That  it  fhould 
move  fwiftly  over  it:  which  conditions  are  implied 
in  the  term  attrition . ' Thefe  effedfs  are  more  or 
lefs  rapid  and  violent,  according  to  the  nature  of 
the  fubftance,  and  the  degree  and  duration  of  the 
collifion,  or  the  degree  of  fridtion.  Fridlion  is  in- 
creafed  by  prelfureand  velocity  ; therefore  the  clo- 

fer 
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fer  the  contadt,  and  the  fwifter  the  motion,  the 
more  vigorous  is  the  fire. 

If  the  irons  at  the  axis  of  a coach-wheel  are 
applied  to  each  other,  without  the  interpofition  of 
fome  undtuous  matter  to  keep  them  from  immedi- 
ate contadf,  they  will  become  fo  hot,  when  the 
carriage  runs  fwiftly  along,  as  to  fet  the  wood  on 
fire  ; and  the  fore  wheels  being  fmalleft,  and 
making  more  revolutions,  will  be  mofl  in  danger. 
The  fame  will  happen  to  mill-work,  or  any  other 
machinery,  if  the  neceffary  precautions  are  negledt- 
ed.  It  is  no  uncommon  pradice  with  a blackfmith 
to  ufe  a plate  of  iron  as  an  extemporaneous  tinder- 
box  ; for  it  may  be  hammered  on  an  anvil,  till  it 
becomes  red-hot,  and  will  fire  a match  of  brim- 
done.  A Prong  man  who  drikes  quick,  and  keeps 
turning  the  iron,  fo  that  both  Tides  may  be  equally 
expofed  to  the  force  of  the  hammer,  will  perform 
this  in  lefs  time,  than  would  be  expeded.  If  in 
the  coldefr  feafon  you  lay  one  denfe  iron  plate  on 
another,  and  prefs  the  upper  one,  by  a weight,  on 
the  lower  one,  and  then  rub  the  one  over  the  other, 
by  reciprocal  motions  they  will  fird  grow  warm, 
and  at  length  fo  hot,  as  in  a fhort  time  to  emit 
fparks,  and  at  lad  grow  red-hot,  as  if  taken  out  of 
a vehement  fire. 

It  is  not  neceffary  that  the  fubdance  fhouid  be 
very  hard  ; a cord  rubbed  backwards  and  forwards 
fwiftly  againd  a pod  or  a tree  will  take  fire  ; a 
dick  of  woodpreffed  againd  another  which  is  turn- 
ed fwiftly  about  in  a lathe,  will  foon  make  it  turn 
black,  and  emit  fmoke.  Even  the  palms  of  your 
hands,  if  you  rub  them  brifkly  together,  w hen  they 
are  dry,  will  fmell  as  if  they  were  fcorchcd.  The 
method  of  exciting  fire  by  rubbing  two  dicks  of 
wood  together,  was  anciently  pradhfed  by  country 
people,  and  is  dill  retained  in  fome  parts  of  the 
world.  The  manner  is  exactly  deferibed  in  Cap- 
tain 


Nature  and  Properties  of  Fire.  38$ 

tain  Cook’s  voyage.  The  inhabitants  of  NeW 
Holland  are  there  faid  to  produce  fire  with  great 
facility,  and  fpread  it  in  a wonderful  manner.  To 
produce  it,  they  take  two  pieces  of foft  dry  wood  5 
one  is  a flick  about  eight  or  nine  inches  long,  the 
other  piece  is  fiat.  The  flick  they  fhape  into  an 
obtufe  point  at  one  end,  and  preffing  it  upon  the 
other,  turn  it  nimbly  by  holding  it  between  both 
their  hands,  as  we  do  a chocolate  mill,  often  fhifting 
their  hands  up  and  down,  and  then  moving  them 
down  upon  it  to  increafe  the  preffure  as  much  as 
polhble.  By  this  method  they  get  fire  in  lefs  than  two 
minutes,  and  from  the  fmalleft  fpark  they  increafe  it 
with  great  fpeed  and  dexterity.  This  is  the  fadt, 
to  which  a reflection  is  added,  which  calls  for 
indignation ; the  more  fo,  as  it  has  been  adopted 
and  propagated  for  the  purpofes  of  atheifm  and  infi- 
delity, by  1'ome  writers  of  a neighbouring  nation. 
“ There  are  few  things  (fays  the  editor  of  the 
voyage)  in  the  hiflory  of  mankind  more  extra- 
ordinary than  the  difcovery  and  application  of 
fire.  It  will  be  fcarcely  difputed,  that  the  man- 
ner of  producing  it,  whether  by  collifion  or  at- 
trition, was  difcovered  by  chance . Thefe  circum- 
fiances  confidered,  how  men  became  fufficiently 
familiar  with  it,  to  render  it  ufeful,  feems  to  be  a 
problem  difficult  to  folve.”  The  following  ob- 
lervation  by  the  Rev.  Mr.  William  Jones,  on  this 
paflage,  is  well  worth  your  attention  ; indeed  I 
know  of  fcarce  any  man’s  writings,  which  can  be 
more  fafely  recommended  to  you ; they  are  replete 
with  original  obfervations,  and  are  founded  upon 
the  foundeft  and  bell  principles  both  of  reafon  and 
revelation.  On  the  foregoing  quotation  he  obferves, 
fC  that  thefe  reflections  might  well  have  palled  for 
the  fpeculation  of  a New  Hollander  ; and  that  w c 
need  not  be  furpri^cd  to  find  a limilar  one  in  the 
Faflb  of  Ovid,  an  heathen  writer.  But,  that 
Vol.  L C c people 
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people  in  achriftian,  civilized,  philofophical  coun- 
try, whom  Divine  Providence  has  blefted  with  a 
knowledge  of  the  true  origin  of  mankind,  and  their 
earlieft  hiftory,  fhould  condefcend  to  fuch  poor  and 
weak  conjettureSy  is  afymptom  of  prefent  infidelity, 
and  approaching  barbarifm.  The  firft  family, 
placed  by  the  Creator  upon  this  earth,  offered  fa- 
crifices,  which  being  an  article  of  religious  duty, 
they  were  certainly  poffcfTed  of  the  means  of  per- 
forming it,  and  confequently  of  the  knowledge  and 
ufe  of  fire,  without  which  it  could  not  bepradtifed. 
The  Bible  account  is  natural,  and  more  agreeable 
to  the  goodnefs  of  God,  and  the  dignity  of  the 
human  fpecies,  than  to  fuppofe,  on  the  principles  of 
a wild  and  favage  phiiofophy,  that  men  were  left 
ignorant  of  an  element  defigned  for  their  accom- 
modation and  fupport.  • 

fC  To  interdict  a man  from  the  ufe  of  fire  and 
water,  was  accounted  the  fame,  in  effedt,  as  to 
fend  him  out  of  life ; fo  that  if  men,  upon  the 
original  terms  of  their  creation,  were  thus  inter- 
didted  by  the  Creator  himfelf,  as  the  heathen  my- 
thology fuppofed  them  to  be,  they  wrere  fent  into 
life  upon  fuch  terms  as  others  were  fent  out  of  it. 
If  you  admit  any  one  fuch  gloomy  fuppofition, 
where  fhall  we  flop?  If  mankind  were  left  defti- 
tute  of  the  knowledge  of  fire,  perhaps  they  w^ere 
left  w ithout  food,  without  cloathing,  without  rea- 
fon,  and  in  a worfe  condition  than  the  beafts,  who 
are  born  with  the  proper  knowledge  of  life : but 
man  receives  his  knowledge  by  education ; there- 
fore he  who  taught  the  beafts  by  inftindt,  taught 
man  by  information.” 

Of  Fermentation  and  Effervescence. 

Thefc  fcldom  take  place  without  exciting 

heat,  which  is  fometimes  fo  great  as  to  break  out 

into 
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into  adhial  flame.  Pour  an  acid  on  an  alkali,  and 
an  effervefcence  is  excited  productive  of  heat ; pouf 
water  upon  oil  of  vitriol,  and  you  will  produce  a 
great  degree  of  heat,  often  fufBcient  to  break  the 
veil'd,  if  it  be  compofed  of  fragil  matter ; pour 
upon  oil  a highly  concentrated  acid,  the  fermen- 
tation will  be  great,  and  the  fire  difengaged  will 
often  burft  into  aCtual  flame : a mixture  of  water 
and  fpirit  of  wine  will  alfo  manifeft  heat.  Thefe 
effects  are  produced  by  the  friCtion  and  collifion  of 
the  particles  of  the  different  fubftances,  by  which 
fire  is  expelled,  and  the  fpace  it  occupied  is  filled 
up  by  the  mutual  penetration  of  the  fluids.  If  the 
heat  produced  be  very  great,  the  ambient  air  is  de- 
compofed,  arid  an  inflammation  enfues.  The  pe- 
netration of  the  fubftances  is  eafily  proved,  for 
their  bulk  is  lefs  after  the  mixture  than  before. 
If  you  mix  a pint  of  water  with  a pint  of  fpirit 
of  wine,  the  mixture  will  not  fill  a quart,  whi'ch 
clearly  evinces  the  mutual  penetration  of  the  fub- 
itances.  In  fermentation,  and  every  operation 
which  changes  the  nature  of  bodies,  fire  is  difen- 
gaged, to  anfwer  the  purpofe  of  the  new  compound: 
hence  in  chemical  operations,  cold  is  fometimes 
produced,  and  fometimes  heat. 

Putrif 1 Elion  is  alfo  a fpecies  of  fermentation. 
In  putnfaChon  bodies  are  heated  by  the  fire  which, 
is  then  difengaged,  while  the  bodies  are  combined 
with  particles  from  vital  air. 

If  a large  quantity  of  hay  be  laid  together  in 
too  moiff  a ftate,  it  will  by  degrees  take  fire  : this 
is  eafily  accounted  for,  when  you  confider  how 
much  fire  is  left,  which  fhould  have  been  carried 
off  in  vapour ; this  moifture  and  fire  are  expelled  by 
the  preflure  of  the  hay ; the  fire  being  excited  and 
unable  to  efcape  as  faff  as  it  arifes  through  the  pores 
of  the  incumbent  matter,  the  agitation  and  attri- 
tion are  fo  mcreafed,  that  it  breaks  out  into  adual 
, C c 2 flame,, 
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flame,  and  confumes  the  fubftance.  So  intenfe  is 
the  heat  when  a large  Pack  of  hay  is  on  fire,  that 
the  fubftance  of  the  hay  is  often  Burned  into  glafs. 

The  third  means  of  exciting  the  aft  ion  of  fire 
is  by  the  rays  of  the  fun.  Thefe  rays  warm  all 
fubftances  which  are  expofed  to  their  action  ; they 
infinuate  themfelves  among  the  particles  of  the 
body,  and  adding  to  the  quantity  of  fire  it  alrea- 
dy contains,  heat  is  produced.  The  effect  of  thefe 
rays,  when  collected  by  mirrors,  or  by  lenfes,  into 
a focus,  is  very  great.  If  a great  number  of  plane 
mirrors  receive  the  rays  of  the  fun,  and  thefe  rays 
are  fo  directed  as  to  fall  upon  the  fame  lubftance, 
the  body  w ill  be  confiderably  heated,  and  more  fo 
in  proportion  to  the  number  of  rays  that  fall  on  the 
body.  So  long  as  the  rays  preferve  their  parallelifm, 
but  little  heat  arifes  from  them  ; but  w7hcn  they  are 
thrown  together  in  various  directions,  and  return 
upon  themfelves,  either  by  the  action  of  air,  or  by 
attrition,  or  by  the  refractions  and  reflections  ot 
burning-glafles,  they  work  together  with  an  ex- 
panfive  force,  and  never  fail  to  affect  us  with  a 
fenfe  of  heat. 

Prefent  a concave  mirror  to  the  rays  of  the 
fun,  fo  that  the  plane  of  the  mirror  may  be  as  nearly 
as  poflible  perpendicular  to  the  incident  rays  before 
the  mirror,  a bright  cone  of  light  will  be  tormed; 
the  reafon  of  which  I fhall  explain  in  the  Lecture 
on  Catoptrics.  If  you  place  any  fubftance  at  the 
apex  of  this  cone,  it  will  be  quickly  melted,  burnt, 
calcined,  or  vitrified,  according  to  it’s  nature. 

In  the  fame  manner,  if  you  expofe  a convex 
lens  to  the  fun,  fo  that  it’s  axis,  when  prolongec, 
may  be  nearly  parallel  to  the  incident  rays,  a cone 
will  be  formed  behind  the  lens,  in  the  apex  o 
which  the  fame  effect  w ill  be  produced  as  with  the 

concave  mirror.  - c 

The  folar  light  will  a ft  as  the  moft  violent  lire, 
. even 
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even  in  vacuo : it  will  a<5t  alfo  in  the  fame  manner 
on  the  top  of  the  coldeft  mountains.  Nay,  Mr. 
de  SaufTure  thought  it  more  powerful  on  the  top 
of  the  mountain  than  on  the  plain  below.  Thus 
we  find  the  lolar  light  producing  heat  where  there 
is  fcarce  any  other  fubltance  prefent,  that  we  know 
of,  but  the  light  itfelf,  and  the  body  to  be  adted 
upon. 

From  thefe  experiments  we  may  conclude,  that 
by  whatfoever  means  the  folar  rays  are  united,  they 
produce  heat,  which  is  more  active  in  proportion  as 
a greater  number  are  collected  together  in  the 
fmalleft  fpace.  The  activity  at  the  focus  of  a lens 
is  relative,  not  only  to  the  number  of  rays  collected 
together  in  a given  fpace,  and  confequently  to  it’s 
furface  or  diameter,  but  alfo  to  the  manner  in  which 
they  are  collected;  for  if  between  the  lens  and  it’s 
focus,  and  at  about  two  thirds  the  length  of  the 
axis  of  the  luminous  cone  from  the  lens,  you  place 
another  fmaller  convex  lens,  this  lens  will  increafe 
the  convergence  of  the  rays,  and  thereby  augment 
their  activity,  although  there  may  be  fewer  rays 
collected  together ; for  many  of  them  are  inter- 
cepted by  the  folid  parts  of  the  lens.  From  whence 
it  follows,  that  the  focus  is  more  powerful  in  pro- 
portion as  the  rays  collected  together  form  amongft 
themfelves  more  obtufe  angles. 

The  effects  produced  by  a convex  lens  depend 
on  it’s  tranlparency  and  figure  ; every  tranfparent 
fubltance  of  the  fame  figure  will  produce  the  fame 
effects  : thus,  a burning  lens  may  be  formed  of  ice, 
or  even  a bottle  of  water.  In  the  fame  manner, 
the  effeCts  of  concave  mirrors  depend  only  on  the 
polifh  of  their  furface  and  the  figure,  fo  that  they 
may  be  made  of  plaifter  of  Paris,  paper,  &c.  The 
parallel  rays  of  the  fun  might  go  on  for  ever,  and 
give  little  or  no  fenfation  of  heat ; but  as  foon  as 
they  are  turned  upon  each  other  by  the  refractions 
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of  a convex  lens,  or  the  reflections  of  a concave 
mirror,  heat  is  the  immediate  confequence : how 
intenfe  foever  the  fire  at  the  focus  may  be,  it  va- 
nifhes  the  inftant  the  glafs  is  removed.  The  folar 
rays  alone  do  not  produce  heat ; for  when  they  are 
adting  on  any  fubftance,  you  may  place  your  finger 
within  a few  inches  of  the  larged  burning  lenfes  with 
as  much  impunity  as  if  you  were  20  feet  diftant. 

We  may  conclude  from  thele  experiments, 
that  where  light  proceeds  in  a confiderabl.e  quan- 
tity from  a point,  diverging  as  the  radii  of  a circle 
from  it's  center,  there  a confiderable  degree  of  heat 
will  be  found  to  exift,  if  an  opake  body  with  no 
great  refleCtive  power  is  placed  at,  or  very  near  the 
point.  The  aCtion  of  the  light  may,  in  this  cafe, 
be  confidered  as  the  ultimate  caufe  of  the  heat. 

If  the  point  from  which  the  rays  are  emitted 
be  in  a transparent  medium,  as  air  or  water,  that 
medium  without  the  prefence  of  an  opake  body  will 
not  be  heated : another  caufe  therefore  of  heat  is 
the  refiftance  of  the  parts  of  the  body  on  which  the 
light  falls. 

If  a body  capable  of  reflecting  light  very  co- 
pioufly  be  brought  near  the  lucid  point,  it  will  not 
be  heated  ; a penetration  therefore  of  light  into  the 
fubftance,  and  a confiderable  degree  of  refiftance  on 
the  part  of  the  body  to  the  aCtion  of  light,  are  re- 
quifite  to  the  production  of  heat ; confequently 
thofe  bodies  will  conceive  the  greateft degree,  into 
whofe  fubftance  light  can  penetrate  beft,  i.  e.  which 
have  the  leaft  reflective  power,  and  which  molt 
ftrongly  refift  it’s  aCtion,  as  is  evidently  the  cafe 
with  black  and  folid  fubftances. 

Archimedes  is  the  flrft  we  read  of  who  ufed 
burning-glaffes  of  confiderable  power.  It  is  related 
of  him  that  he  fet  fire  to  the  fhips  of  Marcellus  by 
means  of  a burning-glafs,  compofed  of  finall  fquare 
jnirrors,  moving  every  way  upon  hinges,  which 

" ' wher» 
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when  placed  in  the  fun’s  rays,  directed  them  upon 
the  Roman  fleet  fo  as  to  reduce  it  to  allies  at  the 
diffance  of  a bow  fhot.*  Many  of  the  difcoveries 
of  this  wonderful  man  have  appeared  fo  much  above 
the  reach  of  man,  that  among  the  learned  it  has 
been  found  more  eafy  to  call  them  in  doubt,  than 
to  inveftigate  the  means  whereby  he  had  acquired^ 
them ; and  fome  have  boldly  denied  what  they  did 
notunderfland.  This  was  the  cafe  with  his  mirror, 
the  poffibility  of  producing  fuch  effects  being  de- 
nied, till  it  had  been  in  fome  degree  realized  by 
Father  Kircher  and  Mr.  Buffon  ; the  latter  availing 
himfelf  of  the  contrivance  of  Archimedes,  formed 
a burning-glafs  ol  168  fmall  plain  mirrors,  which 
produced  fo  confiderable  a degree  of  heat,  as  to  fet 
wood  in  flames  at  the  diftance  of  two  hundred  and 
nine  feet,  melt  lead  at  120,  and  fllverat  50. 

The  lens  of  M.  de  Tfchirnhaufen,  which  was 
between  three  and  four  feet  diameter,  and  whofe 
focus  was  rendered  more  vivid  by  a fecond  lens, 
vitrified  tiles,  flates,  pumice  Hones,  &c.  in  a 
moment;  pitch  and  all  refills  were  melted 
even  under  water  ; the  afhes  of  vegetables,  wood, 
and  other  matters,  were  tranfmu ted  by  it  intoglafs; 
indeed  it  either  melted,  calcined,  or  diffipated  into 
fmoke,  every  thing  applied  to  it’s  focus. 

Mr.  Parker,  of  Fleet-ftreet,  made  a lens  of  3 
feet  diameter  of  flint  glafs,  which,  when  in  it’s 
frame,  expofeda  furfaceof  2 feet  8 \ inches  to  the 
folar  rays ; it  had  a fmall  lens  fitted  to  it,  to  con- 
verge the  rays  and  heighten  the  effeht.  The  expe- 
riments made  with  this  lens  are  too  numerous  to 
be  related  here;  it  will  be  only  neceffary  to  obferve, 
that  they  were  made  with  much  greater  accuracy 
than  any  made  by  other  glaffes.  1 he  following 
table  will  give  you  a general  idea  of  it’s  effects. 

Co  4 TABLE 

* Duten’s  Enquiry  into  the  Origin  of  the  Difcoveries  attributed 

to  the  Moderns. 
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TABLE 

OF 


SubPances  Fufed,  with  their  Weight  and  Time  of 

Fufion. 


Gold,  pure 

Weight 

in 

grains. 

20 

Time 

in 

feconds. 

4 

Silver,  do. 

- 

mm 

20 

3 

Copper,  do. 

— 

33 

20 

Platina,  do. 

■H 

10 

3 

Nickell 

mm 

16 

3 

Bar  iron,  a cube 

- 

mm 

10 

I 2 

Cap  iron,  a cube 

— 

X 

IO 

3 

Steel,  a cube 

mm 

mm 

10 

12 

Scoria  of  wrought  iron 

mm 

mm  • 

12 

2 

Kearfh 

** 

10 

3 

Cauk,  or  terra  ponderofa 

- 

IO 

7 

A topaz,  or  chryfolite 

- 

— 

3 

45 

An  oriental  emerald 

— 

mm 

2 

25 

Chryflal  pebble 

— 

— 

7 

6 

White  agate 

— 

- 

10 

30 

Flint,  oriental  - 

— 

- 

IO 

3° 

Rough  cornelian 

- 

— 

10 

75 

Jafper 

- 

— 

10 

25 

Onyx  - 

- 

— 

IO 

20 

Garnet 

■*» 

— 

IO 

17 

White  rhomboidal  fpar 

IO 

60 

Zeolites 

— 

— 

IO 

23 

Rotten  Pone 

mm 

- 

IO 

80 

Common  Hate 

mm 

- 

10 

2 

Afbeftos 

- 

mm 

IO 

10 

Common  lime-Pone 

— 

mm 

10 

55 

Pumice-Pone 

mm, 

mm 

IO 

24 

Lava 

— m 

IO 

7 

Volcanic  clay 

IO 

60 

CorniPi  moor-Pone 

mm* 

IO 

60 

This 
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This  (fig.  S,  pi.  5,)  reprefents  the  ufual  mode 
of  mounting  large  burning  lenfes  ; the  large  lens 
is  placed  in  a frame  AB,  the  fmaller  lens  in  the 
frame  CD  parallel  thereto,  and  connected  to  the 
larger  one  by  the  ribs  of  wood  a,  b,  c,  d,  e,  f.  H 
is  the  apparatus  for  fupporting  the  fubftance  that 
is  to  be  expofed  to  the  rays  of  the  fun.  The  whole 
is  fupported  on  a femicircle  E FG,  by  which  the 
lenfes  may  be  placed  in  a proper  direction  to  re- 
ceive the  rays  of  the  fun.  The  femicircle  is  fuf- 
tained  by  a ftrong  pillar  and  claw. 

Of  the  Methods  of  augmenting  or  diminish- 
ing the  Action  of  Fire. 

The  firft  method  is  to  increafe  the  quantity  of 
fuel ; the  fecondy  to  concentrate  this  adtion,  and 
prevent  it’s  being  diflipated  in  too  great  a fpace ; 
thirdly , to  diredt  the  adtion  of  the  fire  to  one  place; 
fourthly y to  blow  the  fire  with  vital  air. 

Th z firft  method  is  familiar  to  every  one.  You 
all  know  that  by  adding  fuel  a fire  may  be  in- 
creafed : the  quantity  of  fuel  laid  on  the  fire, 
muff,  however,  always  be  proportioned  to  it’s  bulk 
and  degree  of  inflammability.  No  fubftance  can  be 
inflamed  without  vital  air,  and  the  developement 
of  phlogiflon ; and  this  only  takes  place  at  a cer- 
tain degree  of  heat.  If  the  fire  be  fmall,  and  the 
fubftance  large  and  damp,  the  fire  is  extinguifhed 
before  a fuflicient  heat  can  be  communicated  to  the 
fubftance.  In  the  fame  manner  a candle  is  extin- 
guifhed by  inverting  it,  the  tallow  which  runs  upon 
the  wick  not  being  fufficiently  heated  for  inflam- 
mation. 

The  fecond  method  is  ufed  by  artifts  and  che- 
mifts,  by  means  of  their  furnaces,  which  they  en- 
deavour fo  to  conftrudt,  that  the  fire  contained 
therein  may  become  a center  of  activity,  whofe  rays 

Itriking 
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ftriking  the  top  of  the  furnace  are  thence  reverbera- 
edj  and  concentrated  fo  as  to  act  with  greater  force. 

1 he  third  method  is  put  in  practice  alfo  by  a 
variety  of  artifts,  who  concentrate  and  direct  the 
flame  by  means  of  the  blow-pipe  or  bellows  : the 
flame  thus  direded  is  of  force  fufficient  to  melt 
glafs,  enamel,  and  metals  ; for  by  this  means,  the 
fluid  proper  for  combuftion  is  introduced  mto  the 
flame,  and  a great  heat  excited  at  the  place  re- 
quired. Thus  the  died  of  the  moft  violent  heat 
of  furnaces  may  be  produced  by  the  flame  of  a can- 
dle or  lamp,  urged  upon  a fmall  particle  of  any 
iubftance  by  the  blow-pipe. 

The  fourth  method  conlifts  in  animating  the 
fire  with  vital  air.  Mr.  Lavoifier  has  made  many 
curious  experiments  with  fire  thus  animated,  and 
has  hardly  found  any  fubftance  which  did  not  yield 
to  it’s  violence  ; it  exceeded  even  any  thing  effect- 
ed by  burning-glafTes  or  mirrors.  For,  in  his  hr  ft 
attempt,  the  intenfity  of  the  heat  produced  was  fo 
great  as  to  melt  with  eafe  a fmall  quantity  of  crude 
platina ; it  foldered  rubies  together  without  injur- 
ing their  colour,  or  affeding  their  weight  ; eme- 
ralds, chryfolite,  and  garnet,  were  almoft  inftantly 
melted  into  an  opake-coloured  glafs.  Here  it 
may  be  worth  obferving,  that  among  precious  ftones 
the  diamond  prefents  a property  peculiar  to  jtfelf ; 
it  burns  in  the  fame  manner  with  combuftible  bo- 
dies, and  is  entirely  diftipated. 

I fhall  nowr  lay  before  you  fome  opinions  on 
this  interefting  element,  which  could  not  be  intro- 
duced with  cafe  in  the  body  of  the  preceding  Lec- 
tures, leaving  you  to  compare  them  when  at  leifure 
with  the  fads  you  already  know,  and  the  hypothc- 
fes  you  have  juft  examined. 

The  authors  of  the  Encyclopaedia  Britannic  a agree 
with  Mr.  Lavoiiier  in  reprobatingthe  ufe  of  the  word 
heat  inftead  of  fire , becaufe  heat  is  not  a fluid 

but 


Nature  and  Properties  cf  Fire. 


3 95 

blit  a modification  of  a fluid  ; and  that  in  this 
view  of  things,  it  can  neither  be  abforbed  nor  at- 
tracted, neither  can  any  body  have  a greater  capa- 
city for  it  than  another,  except  in  proportion  to 
it's  bulk,  which  allows  a larger  quantity  of  fire  to 
enter,  and  to  aflinne  that  particular  motion  which 
conflitutes  heat.  As  heat  is  evidently  occalioned 
by  the  rays  of  the  fun  when  concentrated,  and  alfo 
by  the  concentration  of  the  electric  fluid  ; if  fire 
therefore  be  the  caufe  of  heat,  (as  is  clearly  proved, 
in  the  following  Lectures,)  we  are  certainly  entitled 
toconclude,  that  the  light  of  the  fun,  and  electricity, 
are  modifications  or  component  parts  of  elemen- 
tary fire.  Vv  hen  bodies  are  heated,  they  expand  in 
every  direction ; therefore  fire,  w'hen  in  a riling 
ft  ate,  acts  as  from  a center  to  a circumference ; when 
in  a defc ending  fiate,  or  growing  colder,  it  acts 
from  a circumference  to  a center . 

It  has  been  already  fhew  n,  by  undeniable  ex- 
periments, that  fire  is  the  caufe  of  fluidity  : when 
the  expanfive  adtion  of  this  element  is  confined 
within  the  furface  of  any  body,  to  preferve  it  in  a 
particular  fiate,  it  may  be  called  latent  fire  ; be- 
caufe  it  does  not  extend  beyond  the  furface,  and 
cannot  affect  the  thermometer,  or  have  it’s  exift- 
ence  manifefted  to  us  by  the  fenfe  of  feeling.  But 
when  this  expanfive  adtion  is  transferred  from  the 
internal  parts  of  the  fubftance  to  the  furface,  it 
then  affects  the  thermometer. 

This  is  by  fome  writers  called  theconverfion  of 
latent  mtofenfibleheat\  by  others  the  alterationof  the 
capacity  : whatever  name  we  give  the  effect,  the 
caufe  remains  the  fame,  the  oppofite  adtions  of 
the  fame  fluid;  the  expanfive  adtion  in  fome  cafes 
counteracting  or  overcoming  the  condenfing  one, 
and  vice  verfa. 

In  many  infianccs  the  expanfive  power  is 
naturally  of  force  fufficient  to  produce  and  main- 
tain 
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tain  fluidity  ; it  may,  however,  in  mofl  inftances, 
be  made  to  efied  this  artificially.  A certain  degree 
of  expanlive  power  exifts  in  all  bodies;  and  this 
has  been  called  the  fpecific  heat  of  the  body. 

The  cooling  of  a body  feems  to  coniift  in  a 
diminution  of  the  expanlive  adion  on  it’s  fur- 
face,  by  an  oppofite  power  or  modification  of  the 
fluid  on  theoutlide  : when  this  is  very  ftrong,  it  is 
fuppofed  to  expel  a portion  of  fire  from  the  body. 

When  the  expanlive  adion  of  fire  within  any 
fubftance  becomes  greater  than  is  confident  with 
it’s  cohefion,  it  is  diffipated  or  refolved  into  va- 
pour. This,  however,  may  be  done  in  fuch  man- 
ner, that  the  fire  may  ad  on  the  internal  parts  of 
the  feparated  body,  without  fpending  any  of  it’s 
force  upon  the  parts  of  external  fubflances.  Hence 
vapour  continues  to  exift  in  a temperature  much 
below  that  in  which  it  v/as  originally  produced. 
When  this  latent  fire  is  transferred  to  external  bo- 
dies, the  vapour  ceafes  to  be  vapour,  or  is  conden- 
fed ; and  in  fome  cafes  returns  to  it’s  original  date, 
in  others  it  is  produdive  of  light  and  vehement 
heat. 

A concise  View  of  Dr.  Crawword’s  Theory 

of  Animal  Heat. 

For  a full  view  of  this  admirable  theory,  I 
mull:  refer  you  to  his  work  ; it  is  a work  that  de- 
ferves  your  ferious  attention,  not  only  from  the 
impbrtance  of  the  fubjed,  and  the  ingenuity  and 
beauty  of  the  theory  it  propofes,  but  from  the 
■manner  in  which  it  is  treated.  I know  of  no  work 
in  which  the  rules  of  Lord  Bacon  have  been  more 
rigoroufly  followed.  Here  you  will  find  principles 
invefligated  with  judgment;  experiments  of  the 
mod  delicate  nature,  made  with  care,  and  deferi- 

bed 
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bed  with  accuracy ; the  deductions  natural  and  lu- 
minous. This  work  will  always  be  coniidered  as  a 
valuable  acquifition  to  fcience  and  mankind. 

Fire  is  known,  according  to  Dr.  Crawford,  1 fl* 
By  the  peculiar  fenfations  which  it  excites:  con- 
iidercd  as  exciting  thefe  fenfations,  it  is  called 
heat.  2.  It  is  known  by  it’s  effects  upon  an  inftru- 
ment  that  has  been  employed  to  meafure  it,  called 
a thermometer  ; and  this  is  termed  the  temperature 
of  fire  in  bodies.  3.  It  has  been  found  by  expe- 
riment, that  in  bodies  of  different  kinds,  the  quan- 
tity of  fire  may  vary,  though  the  temperature 
and  weights  be  the  fame.  When  fire  is  conli- 
dered  relatively  to  the  whole  quantity  of  it  con- 
tained in  bodies  of  different  kinds,  but  which 
have  the  fame  weight  and  temperature,  it  may  be 
termed  fpecijic  fire  * If,  for  example,  the  tempe- 
ratures and  weights  being  the  fame,  the  whole 
quantity  of  fire  in  water  be  four  times  as  great  as 
that  of  antimony,  the  fpecific  fire  of  thefe  fubftan- 
ces  is  faid  to  be  as  four  to  one. 

Heat  is  meafured  by  the  intenfity  of  our  fen- 
fations ; temperature  by  the  expanfion  of  the  fluid 
in  the  thermometer  ; fpecific  fire  by  the  altera- 
tions of  temperature,  which  equal  quantities  of  fire 
produce  in  bodies  that  have  equal  weights. 

Thus  two  bodies  are  faid  to  have  the  fame 
heat,  when  they  equally  affedl  the  organs  of  feeling; 
and  a greater  or  lefs  degree  of  heat,  as  they  pro- 
duce a greater  or  lefs  effeCt  upon  thofe  organs. 

Bodies  are  faid  to  have  the  fame  temperature, 
that  produce  equal  expanfions  in  the  thermometer; 
and  the  fame  body  is  faid  to  have  a higher  or  lower 
temperature,  according  as  a greater  or  lefs  degree 
pf  expanfion  is  indicated  by  the  thermometer. 

The  vulgar  make  ufe  of  the  human  body  as  a 

flandard 

* Crawford’s  Experiments  and  Qbfervations  on  Animal  Heat; 
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flandard  for  the  meafure  of  temperature  ; but  this 
is  by  no  means  fufficiently  accurate  for  philofophi- 
cal  perfons,  becaufe  the  fenfations  of  no  two  per- 
fons  agree,  nor  even  thofe  of  the  fame  perfons  at 
different  times. 

Dr.  Crawford  has  fhewn,  that  the  fpecific 
fire  of  bodies,  which  are  of  the  fame  weights 
and  temperature,  is  greater  or  lefs  in  propor- 
tion as  greater  or  lefs  alterations  are  produced 
in  their  temperatures  by  equal  quantities  of  fire. 
Thus  it  is  found,  that  the  fame  quantity  of  fire, 
which  raifes  a pound  of  water  one  degree,  will 
raife  a pound  of  mercury  28  degrees  j from  whence 
it  has  been  deduced,  that  the  fpecific  fire  of  w7a- 
ter  is  to  that  of  mercury,  as  2 S to  one. 

As  equal  weights  of  heterogeneous  fubflances 
are  found  to  contain  unequal  quantities  of  fire, 
there  muff  be  certain  efiential  differences  in  the  na- 
ture of  bodies,  whereby  fome  can  colled:  and  re- 
tain a greater  quantity  of  fire  than  others.  Thefe 
different  powers  are  called  the  capacities  of  bodies 
for  containing  fire.  Thus,  if  you  find  by  experi- 
ment, that  a pound  of  water  contains  four  times 
as  much  fire,  as  a pound  of  diaphoretic  antimony 
at  the  fame  temperature,  the  capacity  of  water  is 
faid  to  be  to  that  of  antimony,  as  four  to  one. 

The  temperature,  the  capacity  for  containing 
fire,  and  the  fire  contained,  may  be  diftinguifhed 
from  each  other  in  the  following  manner.  When 
we  fpeak  of  the  capacity,  w e mean  a power  inhe- 
rent in  the  heated  body  ; by  lire,  the  fluid  retained 
in  the  body  by  means  of  this  power ; when  wre 
fpeak  of  temperature,  we  confider  fire  as  produ- 
cing certain  effects  upon,  the  thermometer. 

The  capacity  for  containing  fire  may  conti- 
nue unchanged,  though  the  quantity  of  fire  be 
varied.  If  a pound  of  ice  be  fuppofed  to  retain  it’s 
folid  form,  the  quantity  of  fire  will  be  altered  by 
every  incrcafe  or  diminution  of  heat ; but  as  long  as 

it’s 
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it’s  form  or  Hate  continues  the  lame,  it’s  capacity 
for  receiving  is  not  affected  by  an  alteration  of 
temperature. 

A body  with  a fmaller  capacity  for  containing 
fire,  has  it’s  temperature  more  augmented  by  the 
addition  of  a given  quantity  of  fire,  than  that  whofe 
capacity  is  greater.  Hence  the  temperature  of  a 
body  depends  partly  upon  the  quantity  of  lire,  and 
partly  upon  the  nature  of  the  body  containing  the 
lire ; and  confequently  the  temperature  may  be 
varied,  either  by  a change  in  the  nature  of  the  bo- 
dy itfelf,  or  by  a change  in  it’s  quantity  of  lire. 

If  the  variation  in  temperature  arife  from  the 
firft  of  thefe  circumlfances,  it  follows,  that  in  the 
fame  body  the  temperature  may  vary,  though  the 
fire  continues  the  fame. 

If,  for  example,  a body  of  a given  weight  be 
fuppofed  to  have  a capacity  as  one,  a quantity  of 
fire  as  ten,  and  the  temperature  computed  from 
the  point  of  total  privation,  as  if  the  capacity  be 
conceived  to  be  doubled,  the  fame  quantity  of  fire 
which  before  raifed  it  to  the  temperature  of  ten, 
will  nowr  be  fufficient  only  to  raife  it  to  five. 

Dr.  CrawTford  lays  down  the  following  fa6bs  as 
the  principles  upon  which  his  very  curious  expe- 
riments are  founded  ; which  I relate  more  willingly 
to  you,  as  they  will  confirm  the  greater  part  of 
what  we  have  already  faid  to  you  on  the  fubjedt, 
and  tend  to  imprefs  it  more  ftrongly  on  your 
minds. 

1.  fire  has  a conftant  tendency  to  diffufe  itfelf 
over  all  bodies , till  they  arc  brought  to  the  fame 
temperature. 

Thus  if  two  bodies  are  mixed  together,  or 
placed  contiguous  to  each  other,  the  fire  pafTcs 
from  one  to  the  other,  till  they  are  of  the  fame 
temperature  ; and  all  inanimate  bodies,  w hen 
heated  and  placed  in  a cold  medium,  gradually 
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3ofc  heat,  till  they  are  brought  to  the  ftate  of  the 
iurrounding  medium. 

In  other  words,  bodies  in  contadl,  or  that  com- 
municate with  each  other,  will  all  acquire,  after 
a certain  length  of  time,  the  fame  temperature, 
however  different  their  refpective  original  tempe- 
ratures may  have  been.  Two  bodies,  which  when 
in  contadl  neither  receive  nor  impart  heat,  are  of 
the  fame  temperature.  All  bodies,  therefore,  which 
by  direct  or  fucceflive  contadt  communicate  with 
each  other,  rnuft  have  the  fame  temperature,  or 
the  fire  will  diffufe  itfelf  among  them,  till  they 
have  acquired  a common  temperature. 

Confequently  the  various  claffes  of  bodies 
throughout  nature,  if  they  were  not  acted  upon  by 
external  caufcs,  would  at  length  acquire  a com- 
mon temperature,  and  the  fire  would  be  quiefeent  j 
as  the  waters  of  the  ocean,  if  not  prevented  by 
winds,  and  by  the  adtion  of  the  fun  and  moon, 
would  come  to  an  equilibrium,  and  would  remain 
in  a ftate  of  reft.  But  caufcs  continually  occur  in 
nature,  to  difturb  the  ballance  of  heat,  as  well  as 
that  of  the  waters  of  the  ocean,  whofe  waters  are 
kept  in  a conftant  hudluation. 

2.  Fire  is  contained  in  all  bodies  in  confide ralle 
quantities , when  at  the  common  temperature  of  the 
atmofphere . 

We  are  told  by  Dr.  Pallas,  that  in  the  deferts 
©f  Siberia,  during  a very  interne  froft,  the  mercu- 
ry was  found  congealed  in  the  thermometers  ex- 
pofed  to  the  atmofphere,  and  a quantity  of  that 
fluid  in  an  open  bow  l placed  in  a fimilar  lituation, 
at  the  fame  time,  became  lolid.  Now  it  has  been 
proved  by  experiments  made  at  Hudfon’s-Bay, 
that  the  freezing  point  of  mercury  is  very  nearly  40 
degrees  below  the  zero  of  Fahrenheit’s  fcale:  to  this 
degree  the  atmofphere  in  Siberia  muft  have  been 
cooled.  From  a paper  read  at  the  Royal  Society,  we 
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learn  that  in  the  winter,  1785,  a fpirit  of  wine  ther- 
mometer fell  to  42  below  o in  the  open  air  at  Hud- 
fon’s-Bay;  and  from  the  fame  communication  we 
find,  that  by  a mixture  of  fnow  and  vitriolic  acid, 
the  heat  was  fo  much  diminifhed,  that  the  fpirit  of 
wine  thermometer  funk  to  80  below  o,  that  is, 
1 12  degrees  below  the  freezing  point  of  water.  It 
is  therefore  plain,  that  there  is  a confiderable 
quantity  of  fire  acting  in  all  bodies,  when  at  the 
common  temperature. 

3.  If  the  parts  of  the  fame  homogeneous  fuhftance 
have  a common  temperature , the  quantity  of  fire  will 
be  proportional  to  the  bulk  or  quantity  of  matter. 
That  is,  a pound  of  gold  contains  an  equal  quan- 
tity of  fire,  with  another  pound  of  gold  at  the 
fame  temperature,  and  a pound  of  water  an  equal, 
quantity  with  another  pound  of  water  ; and  the 
quantity  of  fire  in  two  pounds  of  water  is  double 
that  which  is  contained  in  one  pound,  when  at  the 
fame  temperature. 

4.  The  dilatations  and  contractions  of  the  fluid 
in  the  mercurial  thermometer , are  ?iearly  proportio- 
nal to  the  quantities  of  fire  which  are  communicated 
to  the  fame  homogeneous  bodies , or  feparated  from* 
them , as  long  as  they  remain  in  the  fame  fate. 

Thus  the  quantity  of  fire  required  to  raife  a 
body,  four  degrees  in  temperature,  by  the  mercu- 
rial thermometer,  is  nearly  double  what  is  requi- 
red to  raife  it  two  degrees,  and  four  to  raife  it  one 
degree,  and  fo  on  in  proportion. 

The  capacities  of  bodies  for  containing  fire  are 
nearly  permanent , as  long  as  they  retain  the  fame 
form. 

d he  capacity  of  a body  for  fire  is  faid  to  be 
permanent,  when  the  fame  quantity  of  fire  which 
raife-s  it  to  one  or  two  degrees,  as  meafured  by  an. 
equi-differential  thermometer  at  a given  tempera- 
ture, will  raife  it  an  equal  number  of  degrees  at 
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all  other  temperatures.  On  the  contrary,  the  ca- 
pacity  is  faid  to  be  increafed  or  diminifhed  by  am 
alteration  of  temperature,  when,  in  confequence  of 
fuch  an  alteration,  a greater  or  lefs  quantity  of  fire 
mud  be  applied  to  produce  an  equal  effed:  uport 
the  thermometer. 

We  have  already  fhewn  you,  that  the  mercu- 
rial thermometer  is  nearly  an  accurate  meafure  of 
heat,  and  that  when  equal  portions  of  warm  and 
cold  water  are  mixed  together  at  different  tempe- 
ratures, the  mercurial  thermometer  indicates  very 
nearly  an  arithmetical  mean  ; and  confequentl/ 
that  the  capacity  of  water  i3  permanent  in  all  the 
intermediate  temperatures  between  the  freezing 
and  boiling  points.  For  if,  when  the  heat  aug- 
mented, the  capacity  of  water  was  increafed,  art 
equi-differential  thermometer  would  point  to  more ; 
and  if  diminifhed,  lefs  than  the  arithmetical  mean. 

If  two  equal  and  fimilar  bodies  that  differ  in 
temperature,  be  brought  together,  they  will  by 
communication  acquire  a common  temperature, 
and  their  quantities  of  fire  will  by  that  means  be 
rendered  equal : that  is,  the  hotter  ot  the  two 
bodies  will  have  communicated  half  it’s  excels  to 
the  colder  ; therefore  the  quantity  of  fire  in  one  of 
thel'e  two  equal  bodies,  will  be  an  arithmetical 
mean  between  the  two  quantities  originally  pof- 
feffed  by  each  of  them;  in  other  words,  it’s  tem- 
perature will  exceed  the  colder  exadly  as  much  as 
it  falls  fhort  of  the  hotter  body. 

If  the  two  bodies  had  been  unequal,  they 
would  alfo  acquire  a common  temperature  by  com- 
munication, but  the  excefs  ot  lire  would  not  have 
been  equally  divided  between  them.  For  the 
quantity  of  heat  in  fuch  bodies  is  in  proportion  to 
their  quantities  of  matter  , and  the  excels  of  heat 
in  the  hotter  body,  is  divided  between,  them  in 
proportion  to  their  weights. 
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From  hence  it  is  concluded,  that  the  quantity 
©f  fire  required  to  be  added  to  or  taken  from  bodies 
of  the  lame  kind,  to  produce  equal  changes  of  tem- 
perature, will  be  in  proportion  to  their  quantity  of 
matter. 

5.  Unequal  quantities  of  fire  are  required  to 
produce  equal  alterations  of  temperature , in  equal 
weights  of  heterogeneous  bodies . 

Thus,  if  the  temperature  of  a pound  of  mer- 
cury be  raifed  one  degree,  and  that  of  a pound  of 
water  one  degree,  it  will  be  found,  that  unequal 
quantities  of  fire  have  been  communicated  to  the 
mercury  and  to  the  water. 

If  a pint  of  mercury  at  100,  be  mixed  with  an 
equal  bulk  of  water  at  50,  the  change  produced 
in  the  mercury  will  be  to  that  produced  in  the  wa- 
ter as  3 to  2.  From  whence  it  is  inferred,  that  the 
fire  in  a pint  of  mercury,  is  to  that  in  a pint  of 
water  as  2 to  3 ; or  that  the  fpecific  fire  in  thefe 
bodies  is  reciprocally  proportional  to  the  changes 
of  heat  produced  in  them,  when  they  are  mixed  to- 
gether at  different  temperatures. 

To  illufirate  this  further,  let  four  pounds  of 
diaphoretic  antimony  at  20  be  mixed  with  one 
pound  of  ice  at  32,  the  temperature  of  the  mixture 
will  be  nearly  26.  The  ice  will  be  cooled  6 de- 
grees, and  the  antimony  heated  6 degrees.  Re- 
verfe  the  experiment,  and  the  effect  will  be  the 
fame.  Take  6 degrees  of  heat  from  four  pounds 
of  antimony,  and  add  it  to  a pound  of  ice,  the 
latter  will  be  heated  6 degrees.  The  fame  quan- 
tity of  fire,  which  raifes  a pound  of  ice  6 degrees, 
will  raife  four  pounds  of  antimony  6 degrees. 

If  this  experiment  be  made  at  different  tempe- 
ratures, you  will  have  the  fame  refult  : now  as  the 
power  (capacity)  by  which  bodies  retain  and  re- 
ceive fire,  remains  the  fame  while  they  retain  the 
fame  form,  not  being  altered  by  a change  of  tem- 
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perature ; it  follows,  that  the  fame  quantity  of  fire 
which  raifes  ice  200,  or  any  given  number  of  degrees, 
would  raife  the  antimony  an  equal  number  of  degrees. 
1 lb.  of  ice,  therefore,  and  41b.  of  antimony  when 
at  the  fame  temperature,  contain  equal  quantities 
of  fire.  But  four  pounds  of  antimony  contain 
four  times  as  much  fire  as  one  pound:  therefore 
the  quantity  of  fire  in  a pound  of  ice  is  to  that  in 
a pound  of  antimony  as  four  to  one. 

That  you  may  underfhmd  this  fubjedl  better* 
I fhall  now  ftate  it  more  accurately  in  Dr.  Craw- 
ford’s words.  Dr.  Black  perceived,  that  by  mix- 
ing together  bodies  at  different  temperatures,  an 
eftimate  might  be  formed  of  their  comparative 
quantities  of  heat,  or  of  their  capacities  for  con- 
taining that  element. 

Thus  when  a hot  and  cold  body  are  mixed  toge- 
ther, if  their  capacities  for  heat  be  equal , the  di- 
minution in  the  temperature  of  the  former,  and 
the  increafe  in  that  of  the  latter,  will  be  half  the 
difference  of  the  feparate  heats  ; or  the  thermome- 
ter immerfed  in  the  mixture,  will  point  to  an  arith- 
metical mean.  But  if  their  capacities  for  heat  be 
unequal , the  common  temperature  of  the  mixture 
will  not  be  the  arithmetical  mean  ; it  will  be  near- 
er to  the  original  heat  of  the  body,  which  has  th<^ 
greater  capacity,  than  to  that  of  the  other.  It,  for 
example,  a pound  of  mercury  at  79  be  mixed  with 
a pound  of  water  at  50,  the  temperature  of  the 
mixture  will  be  51  >*  or  the  mercury  will  be  cooled 
28  degrees,  and'  the  water  will  be  heated  only  one 
degree.  Hence  Dr.  Black  inferred,  that  water  has 
a much  greater  capacity  for  heat  than  mercury. 

Having  thus  difeovered  a meafure  for  deter- 
mining the  comparative  quantities  of  heat  in  bo- 
dies, it  was  found  by  a feries  of  trials  which  were 
infiituted  by  Dr.  Black  and  Dr.  Irvine  upon  me- 
tallic and  feline  bodies,  that  the  element  of  fire  is 
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diftributed  in  various  proportions  throughout  thofe 
fubftances,  or  in  other  words,  that  in  equal  weights 
they  contain  unequal  quantities  of  elementary  fire. 
2.  It  likewiife  appeared,  that  when  bodies  undergo  a 
change  of  form,  their  capacities  for  containing 
heat  or  elementary  fire,  are,  for  the  moft  part,  fud- 
denly  increafed  or  diminifhed.  When  their  capa- 
cities are  diminifhed,  they  part  with  a portion  of 
their  elementary  fire  ; and  when  their  capacities 
are  again  increafed,  they  re-abforb  an  equal  portion 
of  fire  from  the  furrounding  bodies.  Dr.  Black 
has  fhewn  in  particular,  that  when  folid  bodies,  by 
expofure  to  heat,  are  changed  into  liquids  or  into 
vapour,  they  abforb  a quantity  of  elementary  fire, 
which  is  neceffary  to  their  exiftence  in  the  liquid 
or  vaporific  form ; and  that  on  the  contrary,  when 
vapours  are  condenfed,  or  non-elaftic  fluids  are 
congealed,  they  part  with  the  heat  which  they  had 
before  abforbed. 

In  refle&ing  on  thefe  facfts,  Dr.  Crawford 
thought  it  probable  that  by  meafuring  the  com- 
parative quantities  of  fire  in  the  folid  and  fluid 
parts  of  animals,  as  well  as  in  alimentary  fubftan- 
ces, he  might  be  enabled  to  trace  the  fource  of  ani- 
mal heat. 

The  refiilt  of  his  inquiry  led  not  only  to  the 
caufe  of  this  phenomenon,  but  likewife  to  that  of 
the  heat  produced  by  the  inflammation  of  com- 
buftible  bodies. 

The  evidence  upon  which  hisdodtrine  refpedt- 
ing  the  caufe  of  animal  heat  and  combuftion  de- 
pends, is  comprifed  in  the  following  propofitions. 

1.  The  quantity  of  heat  contained  in  pure  air 
is  diminifhed  by  the  change  which  it  undergoes  in 
the  lungs  of  animals  ; and  the  quantity  of  heat  in 
any  kind  of  air  that  is  fit  for  refpiration,  is  nearly 
proportioned  to  it’s  power  in  (importing  animal 
life.  Ddj 
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2dly,  The  blood  which  paffes  from  the  lungs 
to  the  heart  bv  the  pulmonary  vein,  contains  more 
abfolute  heat  (fire)  than  that  which  paffes  from 
the  heart  to  the  lungs  by  the  pulmonary  artery. 

3dly,  The  comparative  quantities  of  heat  in 
bodies,  fuppofed  to  contain  phlogifton,  are  in- 
crealed  by  the  changes  which  they  undergo  in  the 
proceffes  of  calcination  and  combuftion. 

4thly,  When  an  animal  is  placed  in  a warm 
medium,  the  colour  of  the  venous  blood  approach- 
es nearer  to  that  of  the  arterial,  than  when  it  is 
placed  in  a cold  medium  ; the  quantity  of  refpire- 
ableair  which  it  phlogifticates,  in  a given  time,  in 
the  former  inftance,  is  lefs  than  that  which  it  phlo- 
gifticates during  an  equal  fpace  of  time  in  the  latter  ; 
and  the  quantity  of  heat  produced  when  a given 
portion  of  pure  air  is  altered  by  the  refpiration  of 
an  animal,  is  nearly  equal  to  that  which  is  pro- 
duced when  the  fame  quantity  of  air  is  altered  by 
the  burning  of  wax  or  charcoal. 

Having  eftablifhed  the  truth  of  thefe  propo- 
rtions by  dired:  experiments.  Dr.  Crawford  de- 
duces from  them  the  following  explanation  of  the 
caufe  of  animal  heat  and  combuftion. 

The  purer  part  of  the  atmofpherical  air  recei- 
ved into  the  lungs  of  animals  in  refpiration,  is  con- 
verted by  it’s  union  with  the  inflammable  princi- 
ple of  the  blood  into  fixed  air,  and  aqueous  vapour. 
It  appears  by  experiment,  that  the  quantity  of  ele- 
mentary fire  contained  in  pure  air,  is  to  that  con- 
tained in  fixed  air,  and  aqueous  vapour,  nearly  as 
three  to  one. 

Hence  it  follows,  that  in  the  procefsof  refu- 
tation, the  pure  airmuft  neceftarily  give  off  a con- 
siderable proportion  of  it’s  elementary  fire.  It 
moreover  appears  from  the  fecond  propofition,  that 
the  blood  in  it’s  paffage  through  the  lungs,  has  the 
quantity  of  it’s  elementary  fire  increafed  ; and  con- 
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fequently  in  the  procefs  of  refpiration,  a portion 
of  that  element  mult  be  abforbed  by  the  blood. 
The  truth  of  this  inference  is  farther  confirmed  by 
the  refults  of  the  experiments  which  were  adduced 
in  proof  of  the  third  and  fourth  propofitions. 

For  from  the  third  propolition  it  appears, 
that  when  bodies  are  united  with  the  inflammable 
principle,  they  part  with  a portion  of  their  ele- 
mentary fire,  and  that  when  this  principle  is  again 
difengaged,  they  re-abforb  an  equal  portion  of 
fire  from  the  furrounding  bodies.  It  moreover 
appears  from  the  experiments  of  Dr.  Prieltlcy,  that 
in  the  procefs  of  refpiration  the  inflammable  prin- 
ciple is  feparated  from  the  blood,  and  combined 
with  the  air.  Hence  it  follows,  that  the  quantity 
of  elementary  fire  in  the  former  mull  be  increafed, 
and  that  in  the  latter  diminifhed.  This  conclu- 
fion  is  ftill  further  corroborated  by  the  fourth  pro- 
polition  ; whence  it  appears,  that  the  quantity  of 
the  inflammable  principle  difeharged,  and  oi  ele- 
mentary fire  abforbed,  in  the  procefs  ol  refpira- 
tion,  is  greater  or  lefs,  in  proportion  as  the  animal 
is  expofed  to  a colder  or  to  a warmer  medium. 
The  explanation  of  the  caufe  of  combultion  is  as 
follows. 

• It  appears,  by  experiment,  that  the  purer  part 
of  atmofpherical  air  contains  much  elementary 
fire  ; that  when  it  is  converted  into  fixed  air  and 
aqueous  vapour,  the  greater  part  ol  this  fire  is  de- 
tached ; and  that  the  capacities  of  bodies  lor  con- 
taining heat  are  increafed  by  the  changes  which 
they  undergo  in  the  procefs  of  combultion. 

PIcnce  it  is  inferred,  that  the  heat  which  is 
produced  by  combultion,  is  derived  from  the  air, 
and  not  from  the  inflammable  bodv ; for  inflam- 
mable  bodies  contain  little  elementary  fire.  Atmo- 
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fpherical  air,  on  the  contrary,  abounds  with  this 
principle.  In  the  procefs  of  inflammation,  the 
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pure  air  is,  for  the  moft  part,  converted  into  fix- 
ed air  and  aqueous  vapour,  and  at  the  fame  time 
gives  off  a great  proportion  of  it’s  fire,  which,  when 
extricated,  fuddenly  burfis  forth  into  flame,  and 
produces  an  intenfe  degree  of  fenfible  heat.  It  is 
inferred,  on  the  contrary,  that  no  part  of  the  heat 
can  be  derived  from  the  combuftible  body;  for  the 
combufiible  body,  during  the  inflammation,  un- 
dergoes a change  fimilar  to  that  which  is  pro- 
duced in  the  blood  by  the  procefs  of  refpiration, 
in  confequence  of  which  it’s  capacity  for  contain- 
ing heat  is  increafed ; it  therefore  will  not  give 
off  any  part  of  it’s  heat ; but  like  the  blood,  in  it’s 
paflage  through  the  Jungs,  it  will  abforb  heat. 
Hence  Dr.  Crawford  concludes,  that  the  fenfible 
heat,  which  is  excited  in  combuflion,  depends  upon 
the  reparation  of  fire  from  the  purer  part  of  the 
atmofpherical  air.  If  the  quantity  of  air,  which 
is  changed  by  the  procefs  of  combuftion  in  a given 
time,  be  very  great,  the  change  is  attended  with 
much  light,  with  a vivid  flame,  and  with  intenfe 
heat ; but  if  the  alteration  in  the  air  be  flow  and 
gradual,  the  heat  paffes  off  imperceptibly  to  the 
furrounding  bodies. 

It  is  hardly  neceffary  to  obferve  to  you,  that 
Dr.  Crawford’s  ingenious  theory  differs,  in  fome 
refpedts,  from  what  has  been  already  laid  down  in 
thefe  Ledtures;  it  remains  for  you  to  decide  which 
is  moft  conformable  to  natural  appearances.  In 
this  decifton  you  will  be  affifted  by  the  facts  and 
confiderations  that  will  be  introduced  in  fome  of 
the  fubfequent  Lectures.  I fhall  therefore  con- 
clude this  with  a few  general  obfervations  on  the 

doctrine  of  capacities  for  fire. 

No  proper  eftimate  can  be  made  of  the  quan- 
tities of  heat  bodies  are  capable  of  giving  and 
receiving,  unlefs  fire  never  acted  in  any  other 
^vay  than  by  affedting  or  dilating  the  volume. 

This, 
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This,  however,  is  not  the  cafe ; for  fire  appears  to 
refill  other  actions  of  bodies  befides  that  of  gravi- 
tation. Unlefs  therefore  it  be  fuppofed,  that  in 
the  various  compofitions,  which  take  place  even 
in  the  moft  homogeneous  fubftances,  the  different 
kinds  of  matter  are  equally  proportioned  and  dif- 
pofed,  no  rule  can  be  properly  formed  with  re- 
gard to  the  quantity  of  heat,  which  bodies  of  dif- 
ferent fubftances  ftiould  give  or  receive,  when  the 
equilibrium  of  heat  among  them  and  furrounding 
bodies  is  changed. 

But  further,  the  weight  of  bodies  is  not  the 
part  which  ftiould  be  confidered  in  the  theory  of 
capacities ; it  is  their  volume,  or  the  fpace  they 
occupy,  which  ftiould  be  chiefly  attended  to ; for 
a vacuum , which  has  no  weight,  contains  fire.  Nor 
are  the  different  degrees  of  tendency  among  the 
particles  of  the  fubftances  to  be  noticed  in  this 
theory ; for  in  a vacuum  there  is  no  fenfible  fub- 
ftance  to  refill  the  dilatation  of  fire,  yet  it  is  as 
much  comprefled,  or  ftiews  the  fame  degree  of  ex- 
panfibility  as  in  other  fubftances  of  the  fame  tem- 
perature. From  hence  it  is  highly  probable,  that 
the  phenomena  of  capacities  are  octafioned.by  the 
expanfive  faculty  of  fire ; for  no  one  can  doubt, 
that  at  the  fame  temperature,  and  with  the  fame 
volume,  but  what  there  is  lefs  in  a vacuum  than 
in  other  bodies. 

Although  the  Torricellian  vacuum,  when  well 
made,  feems  deprived  of  every  fenfible  fubftance, 
a thermometer  included  in  this  place  would  con- 
form itfelf  to  the  exterior  temperature,  as  if  it 
were  in  the  air,  in  water,  or  any  other  fubftance. 
If  then  it’s  expanfive  faculty  does  not  augment  in 
this  fpace,  where  it  is  the  only  known  fubftance, 
it  ought  to  be  in  greater  quantities  there  than  in 
any  other  equal  fpace  occupied  partly  by  the  par- 
ticles of  another  fubftance.  But  it  is  probable,  of 

equal 
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equal  fpaccs,  it  is  that  which  contains  the  leaf! 
lire:  if  any  one  doubts  this  conjecture,  let  him 
try  it  by  experiment,  according  to  the  prefent 
theory  of  capacities  ; but  firfi  let  us  inquire  of 
him  what  weight  he  would  affigri  to  the  vacuum  f * 

The  capacity  of  bodies,  with  refpedt  to  heat, 
fuppofes  two  things,  i.  That  there  is  a quantity 
of  cliff  ujible  fire  to  be  communicated  among  bodies  : 
and  2clly,  that  there  is  an  equilibrium  ftate  of 
heat  to  be  formed  among  them,  by  each  giving  or 
receiving  it’s  proper  quantity.  This  transferable 
lubftance  may  be  termed  diff ujible  firey  to  diftin— 
guifh  it  from  the  corijlitutional  fire  of  bodies,  which 
is  not  immediately  cliffufible. 

In  the  conftitutional  fire  of  bodies,  two 
fpecies  may  be  difiinguifhed,  according  as  the  bo- 
dies are  folid  (concreted)  or  fluid.  But  every  na- 
tural body  muft  have  a certain  degree  of  confti- 
tutional  fire,  without  which  the  diftenfion  of  the 
body  would  be  extinguifhed  by  the  condenfing 
powers.  Thus  then  is  the  conftitutional  fire  of 
volume , or  power  of  difienlion,  necellarilv  oppofed 
to  a certain  quantity  of  gravitating  or  condenfing 
power. 

Volume,  in  natural  bodies,  is  an  eflential  qua- 
lity, and  fire  acting  as  heat  in  volume,  is  an  el- 
fenrial  principle.  "There  is  therefore  in  bodies  a 
conftitutional  degree  of  heat  which  cannot  be  fe~ 
parated  ; and  it  is  only  the  fuperfiuous  heat,  which 
may  be  diffufed  among  bodies,  according  to  their 

capacities  for  receiving  it. 

But  as  volume  in  bodies  is  a changeable  qua- 
lity, there  may  be  a certain  quantity  of  fire,  which 
in  one  degree  of  difienlion  may  be  confidercd  as 
confiitutional  for  that  particular  volume,  which 
in  another  degree,  or  in  a different  volume,  might 
become  fuperfiuous  and  diffulible. 

* Ds  Lac’s  Letters  in  the  Journal  de  Phyfujue, 
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Bodies  are  found  to  be  compofcd  of  two  dif- 
ferent kinds  of  matter,  and  to  fubfid  in  three  dif. 
tindl  dates  or  modifications  of  their  compound  fub- 
Itance ; which  three  dates  are  commutablc,  ac- 
cording to  the  changed  proportions  and  circum- 
dances  of  the  matter  or  condituent  principle. 
Hardnefs  may  be  conddered  as  the  fil'd  of  thofe 
dates,  in  which  the  power  of  concretion,  as  well 
as  gravitation,  is  found  to  prevail.  Secondly, 
there  is  foftnefs  or  fluidity,  in  which  nothing  but 
the  power  of  gravitation  is  perceived,  and  when 
the  power  of  concretion  is  ballanccd  by  a certain 
quantity  of  fire,  didinguidied  by  the  name  of  la- 
tent fire.  And  thirdly,  we  find  the  date  of  fluid 
claflicity,  where  not  only  the  power  of  concretion 
is  ballanced  by  a certain  quantity  of  fire,  but  alfo 
the  power  of  gravitation,  which  fhould  tend  con- 
tinually to  diminifhthe  volume  of  the  body,  is  op- 
pofed  by  another  quantity  of  fire,  imparting  claf- 
ticity  and  expanlion  to  the  fubdance  of  this  body. 

The  diffufion  of  fire  is  an  action  and  effedt  of 
this  matter,  didindtly  different  from  thofe  which 
are  produced  by  oppofing  the  gravitation  and  con- 
cretion of  matter  in  a body. 

The  diffufion  of  fire  is  a peculiar  adlion  there- 
of, and  which,  like  every  other  event,  takes  place 
only  when  the  proper  conditions  for  this  action  fhall 
arrive  ; it  is  therefore  by  knowing  thofe  conditions 
that  this  operation  in  bodies  is  to  be  underdood, 
as  it  is  by  the  changed  volume,  and  different  dates 
of  bodies  with  refpedt  to  hardnefs  and  fluidity,  as 
alfo  by  our  fenfations,  that  this  diffufion  of  fire, 
from  one  body  to  another,  may  be  concluded  as 
having  taken  place. 

To  pur fue  this  element  in  it’s  various  modifi- 
cations, you  mud  difcriminate  the  adlion  of  fire, 
when  it  oppofes  and  ballances  the  adlion  of  gravi- 
tation and  of  hardnefs,  from  that  operation  of 

trandtion. 
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tranfition,  by  which  it  is  tranflated  from  one  body 
to  another,  or  by  which  without  changing  the 
body  it  leaves  the  opposition  and  ballance  of  one 
power  in  order  to  refill  another.  This  elective 
adion  of  fire  neceffarily  requires  conditions, 
without  which  matter  never  ads.  But  fuch 
is  our  impeded  knowledge  of  the  conflitu- 
tion  of  material  things,  that  we  cannot  attempt 
to  give  a detail  of  the  conditions  by  which  the 
adion  of  tranfition  in  fire  may  be  influenced  or 
affeded. 

Though  we  cannot  perceive  the  condition  of 
thefe  adions,  yet  enough  has  been  invefligated  to 
difcoven wifdom  in  the  laws  of  adions,  by  which 
thofe  conditions  are  conceived  to  be  rendered  fub- 
fervient  to  certain  ends.  The  manifold  operations 
neceflary  to  produce  hardnefs,  foftnefs,  fluidity, 
&;c.  in  all  their  various  degrees,  are  conduded 
amidfl  powers  indefinitely  multiplied,  combined, 
and  oppofed ; yet  there  does  not  appear  the  leafi 
confufion  or  diforder  in  the  died. 

I have  now  finifhed  the  Ledures  on  fire,  in 
which  I have  given  you  a general  account  of  it’s 
agency  and  operation.  You  have  feen  it  produce  the 
mofl  wonderful  changes  in  bodies : thefe  and  va- 
rious of  it’s  eflfeds  are  well  known,  while  it’s  own 
nature  flill  remains  amongfl  the  moll  infcrutable 
myfleries.  It  manifefls  itfelf  in  a variety  of  forms, 
a diverfity  and  apparent  contrariety  of  effeds ; it 
dwells  in  the  mofl  compaded  ice,  and  is  quiefeent 
in  the  dark  flint,  yet  diffufes  a world  of  light 
through  the  planetary  fyllem.  It’s  operations  are 
reducible  to  no  ftandard ; for  it  ads  according  tQ 
the  kingdom  in  which  it  moves,  and  the  iubjed  it 
poflefles;  in  heaven  it  is  a celellial  tire,  and  the 
principle  of  a joyous  life;  in  hell  it  is  a hellilh 
fire,  and  a fource  of  torment;  in  this  mixt  world 
of  good  and  -evil,  it  alfumes  more  forms  than 

Proteus* 
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Proteus . It  flaflics  in  lightning,  and  faintly  illu- 
mines the  glow-worm’s  feeble  lamp  ; it  warms  us 
by  the  confumption  of  our  fuel ; it  dedroys  and 
preferves  life,  and  is  the  root  of  all  vitality,  from 
the  highed  archangel  to  the  lead  minim  in  nature. 
Without  it  there  would  be  neither  vegetation,  nor 
animality,  nor  appetite,  nor  conjundion,  nor  fe- 
cundity, nor  growth.  In  a word,  it  may  be  con- 
lidered  in  it’s  minidry,  under  the  Omnipotent  Ar- 
tificer, as  the  foul  of  the  world,  and  the  life  of 
creation. 

The  rays  of  the  fun,  or  the  heat  of  an  artificial 
fire,  which  is  equivalent,  are  fo  abfolutely  neceffar/ 
to  the  growth  of  herbs,  that  in  their  feafon  for 
taking  in  the  fap,  in  their  ffature,  and  in  their  qua- 
lities they  are  wholly  influenced  by  the  folar  rays. 
The  plants  which  are  loweft  in  ftature  appear  firft 
early  in  the  fpying;  thefe  are  fucceeded  by  others 
of  a larger  lize,  till  at  lad  the  under  fhrubs  and 
trees  put  forth  in  their  order  ; when  the  fun  is  at 
it’s  greated  exaltation  in  fummer,  the  whole  ve- 
getable creation  is  in  it’s  greated  glory  and  beauty. 
As  the  fun  declines,  this  vegetative  motion  lan- 
guifhes  ; and  the  order  they  obferved  in  putting 
forth  their  leaves,  flowers,  and  fruits,  is  now7  in- 
verted in  their  decay  ; the  tailed  trees  are  generally 
the  fird  that  drop  their  leaves,  and  the  lower  fol- 
low at  a proper  didance,  till  by  degrees  the  duall- 
ed fhrubs,  except  ever-grecns,  are  all  dript  of 
their  covering,  and  fo  continue  till  the  fun,  at  his 
return,  puts  new  life  and  moidure  into  their  veins. 
It  is  to  the  powerful  agency  of  fire  you  mud  recur 
to  account  for  the  alterations  of  w hich  the  bodies 
of  vegetables  and  animals  are  fufceptible.  The 
motion  of  the  fap,  the  mild  fermentation  which 
ripens  fruit,  the  compofition  of  animal  fluids,  their 
decompofition,  fucceflive  changes  and  putrifrac- 
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tion,  in  thefeand  infinitely  other  phenomena,  fire 
is  the  governing  principle. 

Air,  light , and  fire,  are  the  infiruments, 
which  God  has  manifefily  ordained  as  fecondary  and 
fubfervient  to  his  own  power  in  the  oeconomy  of 
the  material  world  ; and  they  are  fo  univerfally  ex- 
tended and  incorporated  with  other  things,  as  to 
be  ferviceable  in  the  motion  of  all  it’s  particular 
parts.  One  or  the  other  of  thefe  is  prefent  to  all 
thofe  effects  which  have  fallen  under  the  obferva- 
tion  of  philofophers.  This  conclufion  may  indeed 
be  deduced  from  premifes  plain  and  obvious,  with- 
out the  afiifiance  of  philofophy  or  the  mathematics. 
For  what  learning  is  nec diary  to  difeover  that  light 
gives  fight  to  the  eyes?  that  air  is  the  breath  of  life? 
and  that  without  fire,  applied  to  it’s  proper  degree, 
the  blood  is  congealed  and  the  limbs  are  inflexible  ? 
All  this  is  evident  to  the  moil  undifciplined  ap- 
prehenfion  : for  a man  is  no  fooner  born  into  the 
world,  than  he  makes  molt  of  the  experiments 
neceflary  for  obtaining  this  knowledge  ; and  he 
may  challenge  the  moft  fubtle  philofopher,  to  name 
the  fubfiance  or  fluid  that  can  fupply  the  place  of 
either  of  them. 

Before  I quit  this  fubjedl,  it  will  not  be  unen- 
tertaining to  take  a fhort  view  of  fome  parts  of  my- 
thological learning.  f‘  When  the  world,”  fays  the 
learned  author  of  the  Trinitarian  Analogy,  <f by  fol- 
lowing it’s  own  wifdom,  departed  from  the  true 
God,  they  left  the  fubfiance,  and  kept  the  Iliad ow  ; 
they  worlhipped  the  creature  inftead  of  the  Crea- 
tor : but  ft  ill  they  were  right  thus  far,  in  that  they 
retained  as  the  objedls  thofe  very  elements  of  the 
natural  creation,  which  had  been  appropriated  to 
give  them  ideas  of  the  Creator.  In  this  capacity 
as  fubflitutes,  they  were  the  truth  of  God ,*  but 
when  deified  in  themfclves,  and  taken  as  princi- 
pals, they  were  changed  into  a lie. 

" Fire* 
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« Fire,  light,  and  air,  the  fcriptural  emblems, 
were  univerfally  adored  throughout  the  heathen 
world.  Moloch  in  Syria,  Apis  in  Egypt,  Vulcan 
in  Greece  and  Italy,  were  names  given  to  the  ele- 
ment of  fire . Light  was  worfhipped  under  the 
names  of  Apollo,  Mithras,  &c.*  No  Latin  fcholar 
need  be  told  that  Jupiter  was  the  air;  the  poets, 
even  ufing  the  proper  name  of  Jupiter,  as  an  ap- 
pellative term  to  fignify  the  air ; and  all  the  epi- 
thets given  to  him  are  applicable  tp  the  fame 
element.” 

This  I fball  further  developc  in  the  hiftory  of 
Vulcan , who  in  the  general  fenfe  feems  to  be  the 
universal  fire  diffufed  through  the  vajl  mafs  of  in- 
ert matter,  which  in  a prior  form  was  thought  to 
be  water.  The  molt  ancient  philofophers  of  Egypt 
and  Greece  agreed  in  confidering  water  as  the 
matter,  the  hyle,  or  mother  of  all  things;  and  fire 
the  father  of  it’s  life  and  animation.! 

Fire,  the  molt  active,  univerfal,  and  prolific 
agent,  cannot  operate  upon  itfelf;  it  requires  a wife, 
a female,  a lower  matter  whereby  to  manifeft  it’s 
afionilhing  and  various  effects  ; and  when  matter  or 
Venus  is  united  thereto,  fire,  which  feems  one 
iimple  and  uncompounded  efience,  puts  on  ten 
thoufand  beautiful  forms,  colours,  and  motions, 
through  every  department  of  nature  ; from  mine- 
rals, by  a gradual  afeent,  to  vegetables,  to  ani- 
mals, to  man. 

When  the  fpark  or  atom  of  fire  lies  hid  in 

primary 

* Bacchus,  or  wine,  is  the  folar  fire  in  the  juice  of  the  grape, 
fo  tin&ured  with  it’s  genial  beams,  as  to  be  capable,  when  drank 
with  temperance  and  moderation,  to  exhilarate  the  body,  mind, 
and  imagination. 

f Sec  R.  Clarke’s  Scries  of  Letters,  Vol,  1 , 

Jones’s  Phyfiological  Difquifitions. 

Letters  from  a Tutor  to  his  Pupil, 

Harris’s  Plermes. 

Maurice’s  Hiftory  of  Ilindoftaa, 
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primary  matter,  it  is  dark,  deformed,  and  no  ways 
promifing  fuch  a fair  contexture  and  life  as  it 
will  be  clothed  with  when  it  has  built  it’s  houfe  or 
body,  in  which  it  feems  dormant  awhile.  In  this 
fenfe  it  was  Vulcan  deformis. 

But  fire  united  with  matter,  Vulcan  to  Venus, 
or  matter  yielding  to  the  fignatures  impreffed  by 
this  univerfal  agent,  is  the  father  of  the  wonderful 
variety  as  well  as  uniformity  fo  confpicuous  in  the 
great  theatre  of  the  vilible  world.  Being  dark  and 
invifible  in  it’s  internal  operation,  when  bedded 
in  the  feed  and  center  of  all  things  ; Vulcan,  in 
reference  to  this  date,  may  be  well  called  black 
and  ugly.  Confider  any  feed,  fee  how  it  putrifies, 
grows  black  and  foetid,  before  it  rifes  into  a 
new  life  of  vegetation  and  animation ; and  who 
would  think  that  this  deformed  procefs  in  nature, 
the  handmaid  of  Providence,  fhould  lead  to  the 
evolutions  of  fuch  variegated  beauties  and  powers  as 
nature  afiumes,  in  the  diverfity  of  corporeal  forms, 
in  every  fcale  of  being  animate  and  inanimate, 
fenlitive  and  rational  ? 

Vulcan  reprefenting  the  principle  of  fire  in 
nature,  was  confidered  as  married  to  Venus,  who 
fprung  from  the  fea  or  watery  element ; thus  is  this 
wife  the  apparent  mother  of  grace,  beauty,  colour, 
fio-ure,  and  motion  ; for  with  the  ancients  matter  in 
every  living  form  began  from  water,  and  having  pair- 
ed through  various  changes  effected  by  fire, man ifefts 
that  inexpreffible  variety  difplayed  through  all  the 
creation.  Hence  Venus,  or  water,  rifing  up  into 
the  forms  of  trees,  flowers,  and  vegetables,  into 
birds  of  variegated  plumage,  into  animals  of  dif- 
ferent kinds  of  cloathing,  and  laltly  and  moft  per- 
fectly in  man  the  microcofm,  was  called  the  mo- 
ther of  the  graces,  moft  beautiful  and  naked,  bc- 
caufe  nature  in  all  it’s  profulion  of  forms  and  co- 
lours, is  moll  amiable  in  her  own  fimplicity. 

V ulcan 
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Vulcan  was  tardipes , or  flow-footed,  becaufe 
in  the  theatre  of  nature  his  rteps  arefcarce  percep- 
tijble,  and  his  progrels  fo  flow'  and  gradual,  as  not 
to  befeen  but  at  diftant  intervals.  From  this  fmall 
fpecimen,  w hich  I muft  leave  you  to  purfue  furtner 
for  your  own  profit  and  entertainment,  you  will  be 
led  to  fee,  that  there  is  a linking  alliance  between 
the  theology  of  fcripture,  the  conllitution  ol  na- 
ture, and  the  mythological  myfteries  of  heathen- 
ifm.  I fhall  only  obferve  further,  that  fcripture 
feldom,  if  ever,  reproaches  the  nations  lor  deifying 
men,  but  for  worshipping  the  fun,  moon,  planets, 
earth,  air,  and  water,  under  fanciful  images  of  their 
own  invention,  after  the  forms  ol  men,  bealls, 
planets,  &c. 

2dly,  That  all  diftinguifhed  names  are  formed 
from  allufions  to  lire  and  light,  and  that  language 
diverted  of  metaphorical  and  topical  expreffions 
deduced  from  this  fource  would  lofe  all  it’s  fpirit 
•and  energy. 

The  Rev.  Mr.  Jones  has  fhewn,  that  the  ac- 
count of  the  generation  of  the  world,  and  it’s  pre- 
fent  oeconomy,  is  revealed  in  fcripture,  not  with 
the  dertgn  of  fending  us  to  fchool  to  learn  philo- 
fophyas  a fcience,  but  with  a viewr  to  the  interefts 
of  religion,  and  therefore  fo  far  only  as  religion 
is  concerned  ; and  that  nature  is  referred  to  in  the 
Bible  for  three  great  ends  : ill,  To  guard  men  from 
error,  jdly.  To  open  their  underltanding  by  ex- 
plaining fpiritual  truth  from  natural  imagery. 
3dly,  To  infpire  them  with  fentiments  of  devotion. 
The  w hole  is  fo  performed  as  to  guard  the  Hebrews 
from  the  dangerous  and  profane  doctrine  of  the 
gentiles,  who  like  modern  philofophers  confpired 
liniverfally  to  deify  nature,  and  confound  the  Crea- 
tor with  his  works ; and  to  give  to  the  world  itfelf 
that  adoration  which  is  only  due  to  it’s  maker. 

The  fcripture  therefore  fets  forth  the  power 
Vol.  I.  E e of 


41S  Lectures  on  Natural  Philosophy. 

of  the  true  God,  the  maker  of  heaven  and  earth, 
and  defcribes  the  natural  dominion  of  the  elements 
as  dependent  on  the  power  of  the  Creator  : that  the 
fun,  the  moon,  and  the  holt  of  heaven,  obferve  the 
law  they  received  from  him  in  the  beginning  of  the 
world,  of  which  fubordination  and  dependancc 
the  heathens  had  loft  the  knowledge,  through  the 
affectation  of  philofophical  wifdom,  till  at  length 
nature  itfelf  took  the  place  of  the  Creator ; the 
fubftance  of  the  elements  was  confounded  with  the 
fubftance  of  the  Deity;  the  fubtle  matter  of  fire 
was  held  to  be  the  foul  of  the  world  ; the  powers 
of  heaven  and  earth  became  fo  many  diftindt  divi- 
nities; and  the  hiftory  of  their  operations  was  con- 
verted into  a religious  mylfery,  fuch  as  you  every 
where  find  in  the  occult  doCtrine  of  the  Pagan 
mythology.* 

The  fource  of  the  hieroglyphical  language  of 
the  ancients  can  only  be  traced  with  certainty  from 
the  feriptures.  It  is  dependent  on  an  important, 
truth,  that  the  vifible  world  is  reprefentative  of 
the  invifible;  that  the  properties,  forms,  and  mo- 
tions of  the  one,  were  copies,  images,  and  fhadows 
of  the  attributes,  qualities,  and  laws  of  the  other. 
The  knowledge  therefore  of  philofophy,  when  in 
it’s  proper  place,  enlarges  the  underftanding,  by 
giving  it  a profpectof  both  worlds,  of  one  from  the 
other,  of  the  invifible  from  the  vifible.  The  pow- 
ers of  nature  are  fymbolical  of  the  powers  of  the 
Deity,  and  are  applied  in  that  capacity  in  numerous 
paftages  of  feripture. 

* Jones’s  Phyfiological  Difquifitions,  introduction,  p.  xr. 
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LECTURE  X. 

EVERY  thing  around  us,  all  that  is  within  us* 
as  it  were  with  one  voice  fpeak  the  language 
of  the  apodle,  and  affert  that  GOD  IS  LOVE- 
Examine  the  material  fydem  extending  throughout 
heaven  and  earth,  and  it  prefents  you  with  a vari- 
egated fcene  rich  in  ufe  and  beauty;  for  far  and 
wide  as  is  the  vad  range  of  exidencc,  fo  far  is  the 
divine  benevolence  extended.  You  will  find  the 
meaned  and  minuteft  obje&s  not  without  their  ufe 
and  importance,  the  moft  diftafteful  not  without 
their  fweetnefs,  the  moft  jarring  and  difcordant  not 
without  their  order  and  harmony ; the  moft  dark 
and  fhaded,  the  moft  crooked  and  deformed,  giving 
luftre  to  others,  and  recommending  the  fhapely  and 
the  beautiful. 

The  learning  and  philofophy  of  ages  have  been 
employed  in  exploring  the  works  of  the  Creator  ; 
which  the  more  they  are  examined,  confpire  ftill 
the  more  to  manifed  his  wifdom  and  goodnefs : 
evident  proofs  of  this  you  will  find  in  the  prefent 
Ledlure.  The  ufes  and  ends,  the  objedls  and  or- 
gans in  the  natural  and  moral  world,  both  the  lit- 
tlenefs  and  greatnefs  of  the  phenomena,  give  the 
cleared,  the  ftrongeft,  and  mod  driking  proofs  of 
a beneficent  Creator,  i he  univerfe,  feen  by  a. 
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devout  eye,  appears  as  an  immenfe  fphere  depend- 
ing by  a chain  of  gold  from,  the  throne  of  God* 
inferibed  on  every  lide  with  divine  characters* 
moving  in  divine  order  and  harmony*  and  refplcn- 
dent  with  divine  light  and  beaut v. 

But  though  the  kingdom  of  God  is  in  fome  fort 
expreflive  of  the  nature  and  character  of  it’s  Author 
and  King;  yet  the  difplays  thereof  are  partial  and 
confined*  fuited  to  the  capacities  of  it’s  feveral 
fubjeCts,  but  opening  and  enlarging  in  proportion 
to  the  improvements  they  make  in  every  prefent 
difpenfation.  Though  the  kingdom  of  God  is  like 
his  attributes*  ever  full  and  perfect;  yet  with 
refpect  to  us*  it  mult  ever  be  partial  and  progreffive* 
adapted  to  the  Bate  of  our  natural  and  moral  capa- 
cities : it  is  perfect  in  every  fpring  and  wheel  as  in 
the  whole  machine*  in  the  origin  as  in  the  progrefs 
and  confummation.  Divine  philofophy*  like  an 
optical  cylinder*  fets  all  objeCts  right,  ranges  them 
in  their  due  places,  and  raifes  what  appears  to  the 
naked  eye  a confufed  heap  of  lines,  colours,  and 
figures,  into  regular  forms*  members,  and  bodies. 

Every  individual  being,  or  production  in  na- 
ture* even  the  minuted,  when  enlarged  to  the 
human  fight  by  a microfcope,  is  a JpeEtacle  of 
beauty.  As  much,  even  of  the  external  world,  of 
Jky>  oceany  and  earthy  as  the  human  eye  is  able  to 
take  in  at  one  view  from  the  fummit  of  a high  hill, 
in  a fertile  country  near  the  fea*  in  a fun-fhiny  day* 
or  in  a Bar-light  night,  aBords  the  moB  fublime 
and  magnificent  feene  of  corporeal  beauty  conceiv- 
able by  man.  Now  all  this  beauty*  beauty  refult- 
ing  from  the  orderly  difpofition  of  various  parts * 
and  the  harmonious  compojition  of  them  together  in 
one  whole y is  open  to  the  view  of  all  men.  Thefe 
and  other  beauties  every  where  furrounding  us,  are 
as  ealily  perceived  by  the  unlettered  peafant*  as  the 
beB  informed  philofopher. 


But 
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But  befides  what  is  thus  daily  obvious  to  an 
ordinary  beholder’s  eye,  the  deep-fearching  foftilo- 
gift,  the  far-travelling  botanift , the  curious  jlorift , 
and  the  inquifitive  zoologift , are  in  every  age  going 
on  to  difeover  new  objects  of  beauty , in  thofe  parts* 
of  nature  which  moft  engage  their  attention  and 
admiration.  The  laborious  aftronomer  is  employed 
in  difeovering  more  and  more  regularity,  harmony, 
and  connection  in  the  motion  of  the  celeftial  bodies, 
and  confequently  more  and  more  of  order  and  beauty 
in  the  great  mundane  fyftem.  The  experimental 
chemift , and  the  ingenious  phyftologift  are  gradually 
unfolding  the  hidden  meafurcs  and  proportions  ufed 
in  mixing  the  elementary  and  minute  parts  of  na- 
ture, in  compounding  thefe  mixtures,  and  in  de- 
compounding her  comporite  parts,  that  they,  may 
thus  difeover,  how  out  of  invifible  materials,  bodies 
are  framed  vifible  to  the  eye  of  outward  fenfe.  In 
a word,  every  advancement  made  in  phyfical  know- 
ledge is  a newr  difeovery  of  fome  beauty  unfeen  be- 
fore; andof  fuch  difeoveries,  I prefume,  there  never 
can  be  an  end,  and  that  mancanneverattaintoacom- 
plete  knowledge  of  thebeautiesmanifefted  in  nature. 

Wide  as  the  extent  of  the  univerfe  is  the  wif- 
dom  of  it’s  workmanfhip,  not  bounded  and  narrow 
like  the  humbler  works  of  art : thefe  are  all  of 
origin  no  higher  than  human.  We  can  readily  trace 
them  to  their  utmoft  limit,  and  with  accuracy  dif- 
ccrn  both  their  beginning  and  their  end.  But 
where  is  the  microfcope  that  can  fhew  us  from  what 
point  wifdom  begins  in  nature?*  Where  the  tele- 
fcope  that  can  defery  to  what  infinitude  it  extends  ? 
The  more  diligent  our  fearch,  the  more-  accurate 
our  ferutiny,  the  more  we  are  convinced  that  our 
labours  can  never  finifh,  arid  that  fubjedts  inex- 
hauftible  remain  behind  ftill  unexplored 

Enough,  however,  of  this  knowledge  is,  and 

E e 3 perhaps 
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perhaps  in  all  ages  hath  been  amongft  men  to  author 
rize  the  following  conclufion,  that  outward  nature 
throughout  the  univerfe  is  full  of  beauty  ; and  from 
this  conclufion  another  will  rationally  follow,  re- 
garding the  relation  between  effect  and  caufe , that 
the  fountain  of  all  this  beauty,  is  beauty  original , 
beauty  itfelfy  beauty  univerfaly  the  final  and  formal 
caufe  of  all  that  good  which  is  enjoyed  by  beings 
who  are  capable  of  any  enjoyment,  and  of  all  that 
beauty  which  is  enjoyed  by  fuch  as  have  a fenfe  of 
beauty.  Supreme  Spirit  ! thine  is  the  divine  charm 
by  which  mountain  and  valley,  foreft  and  ocean, 
wondrous  animal,  and  a whole  creation,  in  beauty 
and  proportion  arife  to  being.  Let  but  a few  at- 
tractions ceafe,  in  whofe  bonds  you  grafp  them, 
and  the  magic  univerfe  is  at  an  end ; it  is  without 
form  and  void,  and  the  very  ruins  thereof  are  not 
to  be  found. 

As  you  proceed  in  thefe  ftudies,  you  will  find 
philofophers  drawing  from  fcientific  fources  ample 
ftores  of  ufeful  inventions,  and  extending  their  fpe- 
culations  to  practical  purpofes  and  objects  of  great 
utility, ; and  you  will  be  led  to  think  with  Lord 
Bacon , that  when  men  have,  by  proper  induction, 
attained  a knowledge  of  the  intimate  qualities  and 
laws  of  things,  they  may  in  the  end  command 
nature,  and  perform  works  as  much  greater  than 
we  fuppofe  practical  by  the  powers  of  natural  ma- 
gic, as  the  real  actions  of  a Casfar  furpafs  the  fic- 
titious ones  of  the  hero  of  a romance.* 

Since  philofophy  has  foared  into  the  regions 
of  invifible  aerial  fubftances,  has  explored  their 
nature,  and  inveftigated  their  confiituent  princi- 
ples, many  hidden  veins  of  fcience  have  been 
opened,  much  wealth  has  been  acquired,  and  fair 
Jiopes  of  reward  prelent  thcmfelves  to  future  la- 
bourers. 

* Sir  John  Pringle’s  Difpourfcs.' 
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bourers.  You  will  here  fee  how  art  can,  from  mere 
chalk,  unfetter  a copious  eladic  fluid,  the  poifon 
of  man,  or  his  medicine,  according  to  the  mode 
of application;  which,  though invifiblc,  yet  dilfolves 
earth  and  metals,  and  imparts  fpirit  and  virtue  to 
the  mod  valuable  mineral  waters.  You  will  here 
learn  more  of  that  vital  air,  of  which  we  have  al- 
ready difeourfed  fo  much.  You  have  already  feen 
how  needfary  it  is  to  combudion;  you  will  now  fee 
how  needfary  it  is  to  animal  life,  and  be  made  ac- 
quainted with  the  refourcesof  nature,  for  purifying 
our  atmofphere,  which  is  infeded  from  various 
caules  ; and  learn  how  it  is  replenished  with  this 
falutary  and  vivifying  fluid.  The  fubjed  of  the 
prefent  Ledure  is  indeed  intimately  combined  with 
the  preceding.  All  aerial  fluids  owre  their  eladic 
property,  and  aeriform  date,  to  dre;  fo  that  you  are 
here  only  entering  into  another  province  of  the 
empire  of  this  element. 

Van  Helmont  w as  acquainted  with  the  indam- 
mable  qualities  of  fome  vapours,  and  knew  that 
others  extinguifhed  dame,  and  fudocated  animals, 
but  had  no  idea  that  thofe  fubftances  were  capable 
of  being  feparately  exhibited  in  the  form  of  a per- 
manently eladic  vapour  not  condenfible  by  cold. 

Mr.  Boyle,  obferving  how  much  air  w?as  con- 
cerned in  mod  of  the  phenomena  of  nature,  and 
howr  needfary  it  was  to  the  exidence  of  animals, 
became  folicitous  to  know  whether  a duid  of  fo 
great  importance  was  not  producible  by  art ; alfo 
believing,  that  fuch  air  might  be  made  ferviceable 
to  the  art  of  diving,  and  in  fubmarinc  navigation.* 
With  thefe  views,  that  admirable  naturalid  fet 
about  making  fome  new  experiments  ; and  from  a 
variety  of  bodies,  by  different  procelfes,  obtained  a 

E e 4 pneumatica! 

* An  attempt  of  Cornelius  Drehell  to  make  a vefTel  to  row 
'under  water  with  men  in  it. 
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pneumatical  fluid,*  anfwering  his,  then,  only  cri- 
terion of  air,  in  being  of  a durably  elaftic  nature. 
Hefoondifcovered  that  thefe  new  productions  were 
very  different  from  common  air,  as  they  prefently 
extinguifhed  flame,  and  fuffbeated  thofe  animals 
that  attempted  to  breathe  in  them. 

Thefe  experiments  were  afterwards  refumed 
by  the  Rev.  Dr.  Hales,  a man  worthy  of  our  belt 
efteem,  for  his  amiable  as  well  as  philofophic  qua- 
lities. He  confirmed  and  extended  the  difeoveries 
of  Mr.  Boyle,  {hewing  not  only  that  air  entered 
into  the  compofition  of  molt  bodies,  but  afeer- 
%ained  alfo  the  proportion  it  bore  to  the  reft  of  the 
compound.  Dr.  Hales  examined  likewife  th$» 
mineral  waters,  and  found  them  abound  with  air ; 
to  that  circumftance  he  aferibed  their  fpirit  and 
brifknefs,  but  he  did  not  apprehend  that  the  air  he 
produced  was  not  common  air,  and  of  the  fame 
kind  with  that  Mr.  Bovle  had  extracted  from  fer- 

j * 

menting  and  effervefeing  liquors.  It  muft  be 
owned,  it  was  hard  to  conceive  how  thefe  fprings 
fhould  owe  their  prime  virtues  to  what  in  another 
manner  of  application  is  fo  deftrueftive  of  vitality. 
His  experiments  are  fo  numerous  and  fo  various, 
that  they  are  partly  efteemed  the  folid  foundation 
of  all  our  knowledge  of  the  fubjedt. 

Dr.  Browning  feems  to  have  been  the  firft 
perfon  who  began  clearly  to  unfold  this  myftery, 
and  Ihew  that  the  waters  of  Pyrmont,  Spa,  &c. 
owed  their  pungency,  and  that  volatile  principle  on 
which  their  virtues  chiefly  depend,  to  an  elaftic 
aerial  fluid* 

The  greateft  improvement  in  this  part  of 
pneumatics,  feems  to  have  originated  with  Dr. 
Black,  profeffor  of  chemiftry  in  Edinburgh,  and 

Mr. 

* From  ripe  fruit,  fermenting  and  effervefeing  liquors,  and  from 
the  putrifa&ion  of  anunai  and  vegetable  fubftances. 
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Mr.  Cavendifh,  F.  R.  S.  The  influence  of  Dr. 
Black’s  difeoveries  has  been  very  extend  ve,  for 
from  his  fchool  they  were  diffeminated  throughout 
Europe,  by  men  zealous  of  promoting  the  princi- 
ples of  their  great  matter.  Dr.  Black  firft  fnewed 
the  caufe  of  the  cauflicity  of  alkalies  and  quick 
lime,  the  effedt  of  adding  fixed  air  to  thefe  bodies, 
and  of  depriving  them  thereof;  he  fnewed  that  it 
was  the  prefence  of  fixed  air  in  thefe  fubffances  that 
rendered  them  mild  ; that  when  deprived  of  it  they 
are  in  that  Rate  which  has  been  called  caufiici  from 
their  corroding  and  burning  animal  and  vegetable 
fubffances ; and  by  thefe  and  other  difeoveries, 
explained  in  a clear  and  limple  manner,  many  ap- 
pearances in  chemiffry  till  then  deemed  the  moft 
unaccountable. 

Mr.  Cavendifh  added  to  the  method  of  Boyle 
and  Hales  for  obtaining  permanently  elaftic  fluids, 
the  mode  of  transfufing  them  from  one  veflcl  to 
another,  and  of  fubjedting  them  to  examination. 
By  his  ingenious  and  ffatical  mode  of  operating,  he 
has  given  a practicability  and  accuracy  to  what  is 
now  called  the  pneumatic  apparatus y which  hasfince 
been  applied  with  extraordinary  fucceis,  together 
with  many  other  important  difeoveries.  There  is 
no  one  who  has  enriched  this  fubject  more  than 
Dr.  Prieffley,  or  has  analyzed  the  fugacious  element 
of  air  with  more  fuccefs  ; very  fewT  pages  on  thefe 
fubjedts  will  be  found  that  do  not  contain  fome 
difeovery  of  his,  or  fome  improvement  on  the  hints 
he  has  fuggefted  ; and  fcience  will  ever  be  indebted 
to  him  for  his  valuable  difeovery  of  pure  vital  air. 

To  point  out  the  difeoveries  of  Dr.  Prieft - 
ley  in  this  branch  of  fcience,  would  incroach 
too  much  upon  our  time;  his  labours  far  -exceed 
thofe  of  his  predeceflors,  both  in  extent  and  im- 
portance. 1 muff  not,  however,  forget  to  men- 
tion M.  Lavoifier  and  Scheele,  who  for  luminous 
order,  accuracy  of  inveftigation,  and  force  of  mind, 
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are  unequalled  among  the  promoters  of  aerial 
fcience. 

Here  another  labourer  in  fcience  prefents 
himfell  to  our  view,  Mayow  * who  lilently,  and  un- 
perceived in  the  obfcurity  of  the  laft  century,  dis- 
covered, if  not  the  whole  fum  and  fubfcance,  yet 
certainly  many  of  thofe  fplendid  truths  which  adorn 
the  writings  of  Prieftley,  Scheele,  La  voider,  Craw- 
ford, and  other  philofophers  of  this  day. 

ff  He  threw  away  with  fcorn  the  vague  ideas 
annexed  by  the  old  chemifts  to  the  terms  fulphur, 
mercury,  &c.  He  has  clearly  prefented  the  notion 
of  phlogidon,  which  rendered  the  name  of  Stahl 
fo  celebrated.  He  perceived  the  addon  of  vital 
air  in  almoft  all  the  wide  extent  of  it’s  influence. 
He  was  acquainted  with  the  compofltion  of  the 
atmofphere,  and  contrived  to  make  the  mixture  of 
nitrous  and  atmofpherical  air.  He  was  well  aware 
'of  the  caufe  of  the  increafe  of  weight  in  calces,  and 
diftindly  afierted  that  certain  bafes  are  rendered 
acid  by  the  acceflion  of  nitro-atmofpherical  particles } 
or  what  has  fince  been  called  an  acidifying  prin- 
ciple. He  difeovered  the  method  of  producing 
faditious  air,  obferved  it’s  permanent  elafticity, 
and  what  is  ftill  more  ftrange,  the  nice  art  of  trans- 
ferring it  from  veffel  to  veflfel.  The  dodrine  ot 
refpi ration  is  all  his  own. 

“ If  Mayow  has  not  clearly  expreffed  his  opi- 
nions ; if  he  ufes  fuch  ambiguous  expreflions  as 
require  the  afliftance  of  modern  difeoveries  to  in- 
terpret them  ; if  his  experiments  do  not  aflord 
decifive  evidence  ; if  he  has  not  deduced  the  con- 
sequences of  his  principles;  then  let  the  credit 
of  one,  who  difeovered  far,  and  that  by  the  light 
of  his  own  genius,  be  withheld  from  him  in  as 
much  as  he  "has  failed  in  any  of  thefe  requilites. 

can 

* Dr.  Beddoes’s  Chemical  Experiments  and  Opinions,  extraftc^ 
from  a work  publilhed  in  the  laft  century. 
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can  juft  conceive  it  pofTiblc  that  a Angle  important 
difcovery  may  be  made  without  much  fagacity  : an 
undifcerning  eye  may  perhaps  by  chance  be  fo 
placed,  as  to  be  aware  of  the  manner  in  which 
nature  performs  fomeone  of  her  hidden  operations: 
but  he  who  {hall  furprize  her  often,  muft  be  allowed 
to  have  the  difeerning  eye,  and  to  know  where  the 
proper  point  of  view  is  to  be  found. 

“Newton’s  difeoveries  concerning  light,  hand 
in  the  fame  predicament  with  Mayow’s  on  air: 
both  exhibit  themfelves  as  the  greateft  deviations, 
prefented  by  the  whole  hiftory  of  icience,  from  the 
ordinary  and  natural  progrefs  of  knowledge  ; they 
would  undoubtedly  (we  fee  that  it  has  actually  hap- 
pened in  the  one  cafe)  they  would  undoubtedly 
have  been  fome  time  made,  but  not  till  a century 
or  two  had  improved  the  talent,  both  of  obferva- 
tion  and  of  reflection;  though  our  two  illuftrious 
countrymen,  like  the  progenitor  of  mankind,  when 
the  archangel  had  purged  his  light 

“ with  euphrafy  and  rue,” 

■were,  by  a peculiar  privilege,  admitted  to  the  view 
of  feenes  referved  for  a diftant  pofterity.” 

Of  the  Pneumatic  Apparatus,  and  of  the 
Method  of  making  Experiments  on  various 
Kinds  of  Air. 

The  apparatus  before  you  is  fuflicient  for 
mod  of  the  experiments  you  will  have  occaflon  to 
make  on  the  different  kinds  of  air.  It  conflfts 
of  a tub  or  trough  of  wood,  with  a fhelf  fixed 
therein : when  you  are  ufmg  it,  you  muft  fill  it 
with  water,  as  you  fee  it  is  at  prelent,  fo  as  to  rife 
rather  more  than  an  inch  above  the  upper  furfacc 
of  the  fhelf.  Several  glafs  velfels  or  jars  are  placed 
with  their  mouth  downwards  on  the  fhelf  See  fir 
6‘ 
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I take  one  of  thefe  jars,  plunge  it  under  the 
water,  and  then  fill  it  therewith,  and  afterwards 
raife  it  with  the  mouth  downwards,  and  place  it 
on  the  fhelf;  it- continues,  as  you  fee,  full  of  water,  - 
and  will  do  fo  as  long  as  the  mouth  is  immerfed 
therein ; for  in  this  cafe,  the  water  is  fufkiined  in 
the  jar  by  the  preffure  of  the  atmofphere,  in  the 
fame  manner  as  the  mercury  in  the  barometer. 
From  the  Lectures  on  air,  it  muff  be  evident  to 
you,  that  if  common  air,  or  any  fluid  refembling 
common  air  in  lightnefs  and  elafticity,  be-  fuffered 
to  enter  thefe  veflels,  it  will  rife  to  the  tipper  part, 
and  will  deprefs  and  force  out  part  of  the  water. 

This  glafs  cup  is  full  of  air;  I plunge  it  into 
the  water  with  the  mouth  downwards,  and  you  ob- 
ferve  that  fcarcely  any  water  enters  the  cup,  becaufe 
it’s  entrance  isoppofed  by  the  elafticity  of  the  air 
but  if  I turn  the  cup  up  it  immediately  fills,  and 
the  air  rifes  in  feveral  bubbles  to  the  furface.  I 
■will  now  repeat  the  operation  under  one  of  thefe 
jars  filled  with  water ; the  air  afcends  as  before, 
but  inflead  ofjoining  the  common  mafs,  is  detained 
in  the  upper  part  of  the  jar.  In  this  manner  you 
may  convey  air  from  one  vejfel  into  another  by  a kind 
of  inverted  pouring)  by  which  the  air  is  made  to 
afeend  from  the  lower  to  the  upper  veffel.  When 
the  hole  in  the  receiver  is  fmall,  I place  this  funnel 
inverted  in  one  of  the  holes  of  the  fhelf,  then  put 
the  neck  of  the  receiver  over  that  hole,  and  the  air 
palling  through  the  funnel  enters  the  receiver  as 
before. 

Here  is  a glafs  bottle,  fig.  2,  the  bottom  of 
which  is  blown  very  thin,  that  it  may  fupport  the 
heat  of  a candle  fuddenly  applied  without  cracking. 
In  the  neck  is  fitted  a ground  ftopple,  w hich  forms 
the  lower  part  of  the  bent  tube.  By  means  of  the 
flexure  of  the  tube,  I can  cafily  introduce  the  fur- 
ther end  under  one  of  the  receivers,  and  by  that 

means 
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means  convey  there  any  air  that  may  be  difengaged 
from  the  materials.  1 may  put  in  the  bottle  ay  fig.  1, 
'pi.  6 : of  thefe  I have  fevcral  lizes  for  different 
purpofes.  Here  is  a fmall  retort  for  the  fame  pur- 
pofe,  the  neck  of  which  being  plunged  under  one 
of  the  jars,  the  air  extricated  therein  will  be  re- 
ceived in  the  jar. 

Many  elaftic  fluids  combine  with  water,  and 
therefore  require  an  apparatus  in  which  quickftl- 
ver  is  made  ufe  of  ; a marble  trough  is  the  moil 
convenient  for  this  purpofe.  You  operate  with 
mercury  in  this  apparatus  exactly  as  with  water  in 
the  former;  but  the  receivers  ufed  with  it  are 
fmaller  and  itronger  than  thofe  ufed  with  the  water 
apparatus,  (fig.  3 and  4,  pi.  6.) 

When  any  thing,  as  a fmall  cup,  &c.  is  to  be 
fupported  at  a conliderable  height  within  a jar,  it 
is  convenient  to  have  a bent  wire,  which  takes  up 
but  little  room,  and  is  eafily  fitted  to  any  figure  or 
height. 

To  expel  air  from  folid  fubftances  by  means 
of  heat,  a gun  barrel,  with  the  touch-hole  ferewed 
up  and  ri vetted,  is  often  ufed.  The  fubjedt  is  put 
into  the  chamber  of  the  barrel,  and  the  reft  of  the 
bore  is  filled  with  dry  fand  that  has  been-  well 
burned,  to  expel  any  air  it  might  contain.  The 
Item  of  a tobacco  pipe,  or  a fmall  glafs  tube,  is 
luted  to  the  orifice  of  the  barrel  ; the  other  end  is 
put  into  the  fire,  that  the  air  may  be  extricated 
from  what  it  contains. 

The  moft  accurate  method  of  procuring  air 
from  feveral  fubftances,  is  to  put  them,  if  they 
Will  bear  it,  into  phials  full  of  quiekftlver,  and 
then  throw  the  focus  of  a burning  mirror  or  lens 
upon  them.  . . • 

To  try  whether  air  be  fit  for  combuftion,  you 
may  put  the  air  into  a long  narrow  veil'd,  whofe 

mouth 


430  Lectures  on  Natural  Philosophy* 

mouth  being  carefully  covered  may  be  turned  up- 
wards ; a piece  of  wax  candle  being  then  faftened 
to  the  end  of  a wire,  and  fo  bent  that  the  flame 
of  the  candle  may  be  uppermoft,  is  to  be  let  down 
into  the  veflel,  which  mud  be  kept  covered  till  the 
inftant  the  lighted"  candle  is  plunged  therein.* 

When  the  change  in  dimenlions,  which  follows 
from  the  mixture  of  feveral  kinds  of  air,  is  to  be  af- 
certained,  a gradual,  narrow,  cylindrical  veflel  may 
be  made  ufe  of.  The  graduations  may  be  made  by 
pouring  in  fucceflive  equal  mcafures  of  water  into 
this  veflel,  and  marking  it’s  furface  at  each  addi- 
tion. This  meafure  may  be  afterwards  ufed  for 
different  kinds  of  air,  and  the  change  of  dimen- 
flon  will  be  fhewn  by  the  rife  or  fall  of  the  mer- 
cury in  the  graduated  veflel. 

As  the  purity  of  common  air  is  determined  by 
the  diminution  produced  by  the  addition  of  ni- 
trous air,  thefe  tubes  have  been  called  eudiometers . 
There  is  an  inffrument  alfo  adapted  for  meafuring 
with  accuracy  the  change  in  bulk  that  arifes  from 
the  mixture  of  thefe  airs. 

The  air-pump  is  ufed  for  extrafling  the  air 
from  powders,  and  fuch  fubffances  as  cannot  be 
conveniently  put  into  a phial,  or  paffed  through  a - 
fluid. 

To  pals  the  eleflric  fpark  through  different 
kinds  of  air,  a metallic  w ire  is  faftened  to  the  up- 
per end  of  a tube,  and  the  fparks  or  fhocks  are 
paffed  through  this  wire  to  the  mercury  or  wrater 
ufed  to  confine  the  air  ; or  two  wires  may  be  ce- 
mented in  oppofitc  holes  in  the  fide  of  an  herme- 
tically fealed  tube. 

Of 

* Sec  Cavallo  on  air. 

Nicholfon’s  Firft  Principles  of  Chcmiflry. 

But  above  all,  Dr.  Prieftlcy’s  Experiments  and  Obfervations 
on  different  Kinds  of  Air. 
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Of  Elastic  Fluids. 

Elaftic  fluids  are  thofe  which  have  acquired 
an  aerial  form,  and  which  have  the  appearance  of 
air ; of  thefe  there  arc  two  kinds,  thofe  of  gas  or 
permanently  elaftic  fluids,  and  thofe  of  vapour 
which  are  not  permanently  elaftic. 

Permanently  elaftic  fluids , or  gas,  are  thofe 
which  have  a great  quantity  of  fire,  fo  clofely  and 
intimately  combined  with  the  particles  of  the  fub- 
ftance,  as  topreferve  their  elafticity  in  every  known 
temperature.  Vapour , or  not  permanently  elaftic 
fluids y are  thofe,  in  which  fire  is  not  fo  clofely  com- 
bined, and  which  eafily  lofe  their  elaftic  ftate  by  a 
change  of  temperature  or  denlity. 

The  various  ftates  under  which  you  fee  bodies, 
depend  almoft  entirely  upon  the  different  quantity* 
nature,  and  degree  of  their  combination  with  fire. 
Fluids  differ  only  from  folids,  becaufe  they  poffefs 
at  the  common  temperature  of  the  atmofpherc  the 
quantity  of  fire  which  is  requiftte  to  maintain  them 
in  that  ftate.  They  congeal  or  become  folid  with 
greater  or  lefs  facility,  according  as  they  require  a 
greater  or  lefs  quantity  of  fire  ; fo  that  bodies  feem 
to  poffefs  three  diftind  quantities  of  fire  : 

1.  A certain  quantity  which  always  refifts  the 
gravitating  matter  of  the  body,  but  whip h may  be 
feparated  more  or  lefs  : fire  thus  ading  is  called 
JenJible  heat. 

2.  The  latent  fire  occafioning  fluidity,  by 
which  the  hardnefs  or  concreting  powers  of  a body 
are  overcome:  this  quantity  is  in  fome  degree 
meafurable,  and  might  properly  be  called  the  la- 
tent fire  of  fluidity. 

3.  A certain  quantity  of  fire,  by  which,  un- 
der certain  conditions,  fluids,  &c.  maybe  rendered 

elaftic:  this  may  be  called  the  latent  fire  of  e la  ft  i- 

city.  J 
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An  elaftic  aeriform  fluid,  or  gas,  is  then  a pe- 
culiar combination  of  fire  with  a given  fubftance. 
To  reduce  a fubftance  to  the  gafeous  or  aeriform 
flate,  confifts  in  dilfolving  it  in  fire,  and  thereby 
uniting  it  with  an  unknown  fubftance,  from  which 
union  it  acquires  it’s  peculiar  qualities.  Whenever 
gas  is  formed,  there  is  an  abferption  of  fire;  and  re- 
ciprocally whenever  gas  pafies  into  thefolid  or  fluid 
Hate,  the  portion  of  fire  neceffary  to  conftitute  the 
flate  of  gas  appears  again  and  is  fet  at  liberty. 

Fire  exifts  in  every  folid  body;  but  the  fame 
body  contains  more  fire  in  the  liquid  than  in  the 
folid  (fate,  and  ftill  more  when  it  pafies  into  an 
aeriform  flate.  It  is  therefore  neceffary  to  diftin- 
guifh  in  every  fpecies  of  gas  the  fire  which  a£ts  as  a 
Solvent,  and  the  fubftance  which  is  united  to  it, 
and  ferves  as  a bafe. 

It  is  evident  that  fire  eafily  combines  with 
fiome  fubftances.  I have  already  fhewn  you,  that 
there  are  feveral  that  at  the  temperature  of  the 
atmofphere  are  conffantly  in  the  flate  of  vapour. 
There  are  others  which  require  higher  degrees,  in 
order  to  acquire  this  flate. 

In  the  fir  A flate,  or  that  of  vapour,  they  foon 
lofe  the  fire  which  raifed  them,  and  return  to  their 
original  form  the  moment  the  fire  finds  colder 
bodies  to  combine  with.  In  the  fecond,  or  that  of 
gas,  the  fire  is  fo  combined  with  the  volatilized  fub- 
ftance, that  the  ordinary  temperature  of  the  atmo- 
fphercis  not  fufficicnt  to  overcome  the  union. 

Permanently  elaftic  fluids  are  all  comprefiible, 
tranfparent,  colourlefs,  invifible,  and  not  conden- 
iable  by  cold.  Some  exift  in  nature  without  the 
aid  of  art;  they  may  alfo  be  obtained  by  artificial 
means.  Others  are  only  procured  by  artificial 
means  ; fome  combine  eafily  with  water,  others  do 
not ; fo  that  different  methods  mult  be  ufed  to  pro- 
cure 
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cure  them,  according  to  the  nature  of  the  fluid 
you  wilh  to  obtain. 

It  will  be  necefTary  before  I proceed  to  point 
out  a few  among  the  errors  contained  in  M.  Lavoi- 
lier’s  “ Elements  of  Chemiflry;”  errors  which  are 
highly  prejudicial  to  true  philofophy,  and  which 
fhew,  that  however  excellent  he  may  be  as  a che- 
mifl,  he  mud  not  be  taken  as  a guide  in  philofophy, 
as  you  will  eafiiy  perceive  by  confidering  his  intro- 
duction to  the  Elements  of  Chemiflry;  for  you  will 
there  find  him  affirming,  “ that  water  railed  to  the 
temperature  of  212  is  changed  into  vapour,  gas , 
or  an  aeriform  fluid.”  By  ufing  thefe  words  as 
fynonymous,  he  introduces  the  utmofl  confufion 
into  philofophy. 

The  vapour  or  fleam  of  boiling  w^ater  is  un- 
doubtedly an  expanfible  fluid , but  it  belongs  to 
that  genus  of  thefe  fluids  which  is  deflroyed  by 
prejfure  and  by  cold.  Now  gas  or  aeriform  fluids 
refill  both  the  one  and  the  other  of  thefe  caufes,  and 
are  therefore  often  named  permanently  elaflic  fluids. 
This  diftindlion,  which  is  inconteflable,  cannot 
be  neglefled  without  producing  great  errors, 

from  hence  you  may  deduce  another  error  of 
Mr.  Lavoifier’s,  namely,  where  he  aflerts,  ff  that 
all  bodies  are  either  folid  or  liquid,  or  in  the  (late 
of  an  elaflic  aeriform  vapour,  according  to  the  re- 
lation which  exifls  between  the  attractive  force  of 
their  molecules,  and  the  repulfive  force  of  heat ;” 
for,  on  the  contrary,  there  are  no  known  bodies  to 
which  this  flatement  applies.  Again  he  affirms, 
that  if  only  thefe  two  forces  exifled,  bodies  would 
become  liquid  at  an  indivifible  degree  of  thether- 
mometci,  and  would  pals  inflantaneoufly  from 
folidity  to  aeriform  fluidity;  thus  water/ for  in- 
flance,  the  very  moment  when  it  ceafes  to  be  ice, 
would  begin  to  boil,  and  would  be  transformed 

into  an  aeriform  fluid.” That  this  does  not 

V°l.  J.  F f happen, 
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happen,  depends  upon  the  aCtion  of  a third  force; 
the  preffure  of  the  atmofphere.” 

Mr.  Lavoifier  falls  into  two  errors  here,  flrft,. 
by  confidcring  the  fleam  of  boiling  water  as  an  aeri- 
form fluid ; fecondly,  by  fuppoling  that  there  is 
no  other  union  of  Are  and  water  in  an  expanfive- 
form,  but  when  the  fluid  produCt  is  fufficiently 
denfe  to  counterbalance  by  itfelf  the  preffure  of  the 
atmofphere.  Whereas  it  is  evident,  from  all  phe- 
nomena and  experiments,  that  aqueous  vapour  is 
formed  in  open  air  at  every  temperature,  and 
mixes  with  the  air  without  being  deftroyed  by  it’s, 
preflu  re.  The  fame  a Mb  takes  place  with  other 
' fluids  of  the  fame  kind. 

To  prove  this  theory  of  the  production  of 
aeriform  fluids  by  the  Ample  union  of  fire  to  a liquid,, 
when  not  counteracted  by  the  preffure  of  the  at- 
mofphere,  Mr.  L.  cites  thofe  expanflble  fluids* 
which  are  formed  in  vacuo  at  the  ordinary  tempe- 
rature of  the  atmofphere,  as  by  ether,  alcohol,  water, 
and  mercury ; and  he  gives  to  all  thefe  mere  pro- 
ducts of  evaporation,  the  name  or  aeriform  fluids, 
though  neither  of  them  will  refifl:  cold  or  a flrong 
preffure.  But  befides,  thefe  fame  liquids  evaporate 
under  the  preffure  of  the  atmofphere  as  well  as  in 
vacuo,  there  being  no  difference  in  the  two  cafes, 
but  in  the  time'  employed  to  evaporate  the  fame 
' mafs.  In  vacuo  nothing  oppofes  the  aCtions  of 
Are,  firft  in  detaching  and  then  in  feparating  to  a 
certain  diflance  the  particles  from  the  furface  ot 
the  fluid : the  air  reAfts  both  thefe  effeCts,  and 
thus  retards  the  operation  : hut  the  difference  in- 
fluences only  as  to  time,  for  the  laws  of  evaporation 
are  the  fame  in  vacuo  as  in  open  air. 

Each  particular  kind  of  vapour  has  a mecha- 
nifm  peculiar  to  itfelf,  rcfulting  from  the  velocity 
that  fire  preferves  amongft  it’s  particles,  and  t e 
mafs  of  the  fubftance  with  which  it  is  connected. 

J 1 hus 
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Thus  with  particles  of  the  fame  mafs,  the  greater 
Che  velocity  of  fire  in  any  kind  of  vapour,  the 
greater  will  be  the  expanfive  force  of  the  vapour. 
There  is  another  law  of  evaporating  liquids  to  be 
attended  to,  namely,  that  different  kinds  will  be 
more  or  lei's  denfe  at  the  fame  temperature,  and 
thus  there  may  be  different  maximums  for  each, 
or  diftances  at  which  their  particles  will  unite  : 
for  the  limits  of  denfity  in  vapour  arife  from  the 
tendency  of  the  particles  to  unite  when  they  are 
at  a certain  diftance.  Thefe  laws  are  exercifed  in. 
open  air,  »as  in  vacuo,  and  vice  verfa. 

Mf.  Lavoifier  has  been  led  into  thefe  errors 
by  attending  principally  to  the  regular  diminution 
of  the  degree  of  heat  at  which  liquids  boil , in  pro- 
portion as  there  is  lefs  incumbent  prelfure  on  their 
furface.  Now  ebullition  is  only  an  accidental 
phenomenon,  which  enters  for  nothing  in  the  fun- 
damental theory  of  vapours.  For  if  we  could  ex- 
pel all  the  air  that  is  contained  in  liquids,  they 
would  never  boily  neither  in  vacuo  nor  in  air,  and 
would  then  only  evaporate  at  their  naked  furface. 
The  evaporation  would  indeed  be  flower,  but  fbill 
under  the  fame  laws,  and  would  acquire  at  the  fame 
temperature  an  equal  denfity  with  the  vapours  arifing 
by  ebullition  from  liquids  not  purged  of  air.  For 
the  degree  of  heat  at  which  a liquid  boils , is  that 
where  it’s  vapours  are  capable  of  fupporting  alone 
the  incumbent  prelfure,  and  which  are  formed  in 
the  bofom  of  the  fluid  as  foon  as  there  is  any  folu- 
tion  of  continuity. 

All  liquids  evaporate  in  open  air,  and  their 
products  (vapours)  are  fubjed  to  the  fame  laws  as 
if  no  air  exifted  ; but  no  know-n  liquid  can  alone 
form  an  atmofphere  as  denfe  as  ours,  at  leaft  fo 
long  as  the  vapours  do  not  change  their  Hate,  for 
as  foon  as  they  get  above  a certain  degree  of  den- 
fity, they  are  deftroyed  by  the  prelfure  of  the  fu~ 

F f 2 perior 
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perior  ftrata.  Whereas  an  aeriform  fluid  may  com- 
pofe  an  atmofphere  without  limits,  for  we  know 
of  no  degrees  of  preflfure  that  will  deflroy  thefe 
fluids. 

Hence  you  fee  how  M.  Lavoiflcr  errs,  when 
he  affirms,  fr  That  the  views  he  has  taken  of  the 
formation  of  aeriform  elaftic  fluids,  or  gas,  throws 
great  light  on  the  original  formation  of  the  atmo- 
spheres of  the  planets,  particularly  that  of  our 
earth  ; for  we  readily  conceive  that  this  muft  con- 
fift  of  all  the  Subfiances  capable  of  being  evaporated* 
or  rather  of  remaining  in  an  aeriform  {late  at  the 
temperature  of  our  atmofphere,  and  under  a preS- 
fiire  equal  to  that  of  a column  of  quickfllver  in  the 
barometer  28  inches  high.”  Now  real  aeriform 
fluids  Sublifi  at  every  degree  of  known  preflure , and 
at  every  temperature  ; but  of  vapours  there  are  none 
known  which  can  alone  Support  the  total  preflure 
of  the  atmofphere  at  it’s  ufual  temperature  with  us. 
Thus  you  fee  how  one  fmall  error  leads  to  others* 
and  how  readily  a falfe  principle  is  adopted  to  re- 
gulate the  Syflem  of  nature  by  thofe  who  love  to 
indulge  in  {peculation. 

Expavfible  fluids  are  become,  and  with  reafon, 
one  of  the  moll  interefling  objects  for  a natural 
philofopher,  as  their  compolition  and  decompo- 
sition is  connected  with  the  greater  part  ol  thofe 
phenomena  that  are  daily  prefented  for  observation. 
This  part  of  phyfical  knowledge  was  very  little 
known  before  our  own  time ; by  the  difeovery 
thereof,  Science  has  been  effentially  promoted. 
We  Should,  however,  be  careful  not  to  be  feduced 
by  novelty,  nor  Suffer  a pleaSing  proSped  to  make 
us  negled  the  fields  already  cultivated. 

M.  Lavoifier  Shill  proceeds  to  heap  error  on 
error.  t(  To  fix  (Says  he)  our  ideas  on  this  Subjed, 
confider  what  would  have  happened  to  the  various 
Sub  fiances  of  our  globe,  if  it’s  temperature  were 

Suddenly 
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ftiddenly  altered  ; if  the  earth  were  fuddenly  tranf- 
ported  into  a very  cold  region,  the  air,  or  at  lead 
fcxme  of  the  aeriform  fluids  which  compofe  it, 
would  ceafe  to  exift  in  the  date  of  elaftic  vapours  ; 
for  want  of  a fufficient  degree  of  heat  they  would 
return  to  their  liquid  ft  ate,  and  nevo  liquids  would 
be  formed,  of  which  we  have  at  prefent  no  idea.” 
In  this  extract  you  find  the  fame  confufion  of  terms 
as  runs  through  the  whole  of  this  part  of  his  trea- 
tife ; hence  alfo  a confufion  of  phyfical  notions  : 
for  we  know  of  no  aeriform  fluid  that  is  dedroyed 
by  cold , nor  is  there  any  reafon  to  fuppofe  that  there 
are  any  fluids  of  this  kind,  that  by  being  deprived 
only  of  fire  are  converted  into  liquids . With  re- 
fpecd  to  vapours , properly  fo  called,  we  know  of 
none,  (although  there  are  many  kinds  in  our  at- 
mofphere,)  but  the  aqueous,  of  which  the  decom- 
poiition  produces  a liquid. 

The  fame  confufion  affecds  other  parts  of  his 
work  ; we  find  him  inferring  from  the  two  oppo- 
fite  fuppofitions  of  extreme  heat  and  extreme 
cold,  “ that  folidity,  liquidity,  and  elafticity,  are 
only  three  different  dates  of  the  fame  matter, 
three  particular  modifications  through  which 
almofl  all  fubftances  may  fucceflively  pafs,  and 
which  folely  depend  on  the  degree  of  heat, ” Thefe 
after  t ions  involve  all  Our  phyfical  knowdedge 
in  obfcurity.  Now  I know  of  no  fubftance  but 
ice  and  metals , which  pafs  from  a folidftate  to  that 
of  a liquid  by  the  addition  of  fire  alone. 

For  thofe,  which  even  in  appearance  are  fufi- 
ble  alone,  are  not  fo  in  the  fame  manner  after  being 
cooled,  as  they  were  before  fufion  ; which  proves 
in  general,  that  the  fufion  of  thefe  fubftances  does 
not  proceed  from  the  operation  alone  of  fire,  but 
from  certain  chemical  combinations  put  in  adion 
by  fire. 

Nor  is  there  any  known  fubftance  which  piffles 
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from  a liquid  to  an  aeriform  Hate  by  the  addition 
of  fire  alone.  Indeed  this  change  is  Hill  myfterious, 
and  feveral  links  are  frill  wanting  in  the  chain,  in 
order  to  unite  it  to  our  prefent  knowledge. 

Fire  is  without  doubt  the  caufe  of  the  expan- 
fion  of  every  phyfleal  fubflance ; but  there  is  none 
that  we  are  acquainted  with,  which  by  the  change 
of  fire  alone  pafs  from  an  aeriform  Hate  into 
fuch  a one  as  it  was  known  to  us  when  in  a concrete 
form,  water  excepted.  Every  air  that  we  produce, 
whether  by  the  application  of  heat  to  certain  fub-~ 
Hances,  or  by  mixture,  all  leave  a refiduum,  and 
ahvays  differ  from  the  fubHances  originally  em- 
ployed. The  general  means  of  learning  what  part 
of  thefe  fubHances  paffes  into  the  aerial  Hate,  is  by 
a comparative  analyfis  of  the  fubflance  itfelf,  and 
the  fenflble  produd  therefrom,  air  and  the  refiduum  ; 
but  whoever  conhders  fcrupuloufiy  thefe  analyfes, 
muH  acknowledge  that  they  are  too  impeded  to 
ferve  for  the  foundation  of  an  hypothefis. 

Among  the  various  hypothefes,  the  following 
is  that  which  includes  the  greateH  variety  of  cafes, 
and  is  of  courfe  the  moH  extcnHve  in  it’s  applica- 
tion ; namely,  that  whatever  fubflance  is  employed 
to  produce  air,  water  enters  as  a conflituent  part  of 
that  air;  that  water  forms  the  ponderable  or  gravi- 
tating part  of  every  aeriform  fluid  ; that  though 
fire  be  the  immediate  caufe  of  their  aeriform  ex- 
panfibility,  yet  it  does  not  in  this  cafe  ad  as  the 
fire  of  dilatation.  But  further,  there  is  alfo  lome 
fubflance  without  weight  which  contributes  to  their 
union,  and  which  forms  the  diflinguifhing  charac- 
teriflic  of  every  fpecies  of  air. 

From  hence  it  follows,  that  to  decompofe  any 
air,  it  rpufl  be  deprived  of  that  fpecific  fubflance 
which  is  the  medium  between  the  water  and  the 
flre.  The  nature  of  the  air  may  be  changed,  with- 
out 
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out  lofing  it’s  aeriform  exigence,  if  this  interme- 
diate fubftance  be  changed  or  altered. 

Fire,  when  communicated  to  water,  forms  an 
cxpanfible  fluid,  but  not  one  that  is  permanently 
■elaftic . It  is  vapour  or  Jleam  that  may  be  decom- 
pofed  by  compreffion  or  cold  : but  with  the  addition 
only  of  light  to  thefe  two  fubftances,  an  aeriform 
fluid  is  formed,,  as  has  been  fhewn  by  Dr.  Pried  ley. 
M.  de  Luc  alfo,  in  thecourfe  of  his  curious  experi- 
ments on  hygrometry,  obferved,  that  the  heat  of 
the  room  never  produced  any  air  from  a velfel  full 
of  water  therein,  but  that  as  Toon  as  it  received  the 
incident  rays  of  the  fun,  bubbles  of  air  were  formed, 
and  continued  to  be  farmed  as  long  as  the  light  fell 
■upon  it.  There  is  in  water  always  a.  fufheient 
quantity  of  fire  for  the  production  of  vapour,  but 
this  is  not  fufheient  for  the  purpofe  of  the  above- 
mentioned  phenomenon.;  for  vapour  cannot  be 
produced  in  the  midft  of  water  in  the  ordinary 
temperature  of  the  air,  the  production  thereof  is 
prevented  by  the  preifure  of  the  atmofphere  ; but  if 
light  intervenes  in  fufheient  quantity,  it  combines 
with  the  fire  and  the  water,  and  inftead  of  vapour 
produces  an  aeriform  fluid. 

From  what  hath  been  already  faid,  as  well  as 
from  what  will  appear  on  a further  review  of  the 
fubject,  I think  we  may  venture  to  alfert,  that  the 
following  propofitionsof  M.  de  Luc  givethe  cleared 
account  ot  aeriform  fluids,  are  more  agreeable  to 
obfervation,  lefs  liable  to  objection  than  any  other 
view  of  the  fubject,  and  are  more  conformable  to 
the  belt  rules  of  phyiical  reafoning. 

1.  That  there  is  no  infiancc  of  any  fubftance 
pafllng  into  a permanent  aeriform  ftate  merely  bv 
the  addition  of  jire.  2.  I hat  air  or  gas  differs 
from  aqueous  vapour , by  the  addition  of  fome  im- 
ponderable fubftance.  3.  That  water  conftitutes 
the  ponderable  part  of  all  aeriform  fluids:  this 
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hypothecs  is  fupported  by  a number  of  fads,  con- 
tradicted by  none,  and  throws  great  light  on  mete- 
orology. 4.  That  it  is  the  water  of  the  airs  or 
gaffes  which  augments  the  weight  of  thofe  fub- 
ftances  to  which  they  unite,  and  diminifhes  that  of 
thofe  from  which  they  are  difengaged.  c.  That 
the  fubftances  peculiar  to  a certain  fpecies  of  aeri- 
form fluids  are  the  caufe  of  acidity.  6.  That 
phlogifton , a fubflance  as  imponderable  as  fire,  is 
a fubflance  that  difiinguifhes  every  fpecies  of  in- 
flammable air;  at  a certain  degree  of  heat  it  unites 
with  vital  air,  and  this  union  is  the  immediate 
caufe  of  inflammation.  7.  That  befides  phlogifton 
there  exifts  in  light  inflammable  aw,  another  fub- 
flance that  diftinguifhes  it  from  the  whole  clafs  of 
heavier  inflammable  airs ; a fubflance  fo  affociated 
with  phlogifton  as  to  prevent  it’s  decompofing  vital 
air,  but  changes  it  into  aqueous  vapour.  8.  Aque- 
ous vapour  is  a fluid  confiding  limply  of  water  and 
fire;  it  is  not  permanently  aeriform,  becaufe  it 
may  be  reduced  to  it’s  original  form  by  preflure  or 
cold.  9.  That  aqueous  vapour  is  eafily  decom- 
pofed,  becaufe  it’s  union  with  fire  is  weak  ; if  they 
w'ere  fo  ftrongly  united  as  not  to  be  feparated,  unlefs 
by  fome  chemical  affinity , the  aqueous  vapour  would 
be  changed  into  an  aeriform  fluid. 


Of  Vital  Air. 

This  air  was  difeovered  by  Dr.  Prieftley, 
though  certainly  known  to  Dr.  Mayow,  in  the  laft 
century ; it  is  a production  of  a meft  interefling 
nature  to  philofophy : it  was  firft  named  dephlo- 
gifticated  air.  The  French  chemifts  confider  it  as 
confifting  of  a bafe  called  oxigene,  combined  with  a 
great  quantity  of  fire. 

The  fuppofed  bafe  has  been  called  by  the 
French  oxigene , becaufe  they  confider  it  as  the  true 

acidifying 
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acidifying  principle,  without  which  there  would 
be  no  acid. 

Refpiration  produces  the  fame  effedt  on  air 
as  combuftion.  When  an  animal  is  included  in  a. 
limited  quantity  of  atmofpherical  air,  it  dies  as 
loon  as  the  air  is  vitiated.  Vital  air,  in  limilar 
circumftances,  maintains  the  life  of  animals  much, 
longer  than  common  air.  Vegetables  do  not  thrive 
in  vital  air. 

No  part  of  the  atmofphcre  exhibits  this  air  111 
it’s  greatefl  degree  of  purity  ; you  will  always  find 
it  combined,  mixed,  or  altered  by  other  fubftances. 
As  it  is  combined  with  various  fubftances,  by  de- 
compofition  it  may  be  ealily  extracted  and  pro- 
cured. 

Heat  extricates  it  from  a variety  of  fubftances, 
particularly  from  nitre,  from  allum,  lapis  calami- 
naris,  and  from  the  native  calx  of  manganefe,  and 
from  thofe  metallic  calces  which  may  be  revivified 
without  inflammable  matter,  as  the  calces  of  mer- 
cury precipitate  per  fe,  and  the  red  precipitate,  or 
mercury  calcined  by  the  nitrous  acid  ; thefe  furnifh 
it  in  great  quantities,as  you  may  readily affure  your- 
fclves  by  the  following  experiment.  I firft  put  an 
ounce  of  red  precipitate  into  this  bottle,  which  is 
furnifhed  with  a ground  hopple  and  bent  tube,  and 
then  place  it  on  a chafing  difh;  as  foon  as  the  at- 
rnofpheric  air  is  all  expelled  by  the  heat,  I tranfport 
the  chafing  difh  and  bottle  to  my  pneumatic  tub, 
and  put  the  bent  tube  under  one  of  the  receivers  that 
are  filled  with  water;  in  proportion  as  the  mercury 
is  revivified,  you  perceive  that  air  paffes  through  the 
tube,  drives  the  water  out  of  the  receiver,  and  oc- 
cupies it’s  fpace  ; it  is,  as  you  may  obferve,  tranfpa- 
rent,  colourlefs,  and  invifible  ; and  you  will  alfo 
find  that  it  is  elaftic  and  compreflible ; in  a word, 
you  will  find  it  to  be  pure,  refpirable,  or  vital 
air. 


It 
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It  may  be  obtained  from  minium,  which  is  a 
calx  of  lead,  when  it  is  moiftened  with  the  nitrous 
acid  : in  this  cafe  it  is  the  nitrous  acid  which  fur- 
nifhes  greateft  part  of  the  vital  air.  All  acids  are 
connected  with  vital  air ; there  arefome  which  part 
with  it  eafily.  About  1200  cubic  inches  of  vital 
air  may  be  obtained  from  a pound  of  nitrous  acid  : 
nitre,  with  alkaline  or  earthy  bafes,  acetated  mer- 
cury, and  arfemcated  zinc,  afford  this  fluid  in  vari- 
ous quantities,  by  the  action  of  light  or  heat.  This 
fluid  does  not  exift  entire  in  any  of  thefe  bodies  ; 
it  is  only  as  they  contain  nothing  more  than  it’s 
ponderable  bafe,  which  is  difengaged  and  rendered 
an  elaftic  fluid  by  the  heat ; for  the  metals  can  only 
be  calcined  by  combining  with  the  ponderable  part 
of  the  air,  which  becomes  folid  in  them,  and  adds 
to  their  weight.  This  is  again  expelled  by  heat, 
and  combining  with  the  fire,  paffes  off  in  the  form 
of  an  elaftic  fluid.  During  the  operation,  the 
metal  lofing  this  ponderable  part  which  had  re- 
duced it  to  a calx,  recovers  it’s  phlogifton  and 
metallic  brilliancy,  but  lofes  the  weight  it  had 
gained  by  calcination. 

Mr.  Chaptal  fays,  that  a bottle  of  dephlogif- 
ticated  muriatic  acid  expofed  to  the  fun,  fuffers  all 
the  fuperabundant  vital  air  to  efcape,  and  paffes 
into  the  ftate  of  the  common  muriatic  acid.  If  the 
fame  acid  be  expofed  to  the  fun,  in  a bottle  wrap- 
ped in  black  paper,  it  does  not  fuffer  any  change  ; 
and  even  when  heated  in  a dark  place,  is  reducible 
into  gas,  without  being  decompofed. 

The  folar  rays,  when  acting  with  any  con- 
fiderable  energy,  will  alfo  difengage  vital  air  from 
the  calces  of  mercury,  filver,  and  gold. 

The  marine  fait  of  filver  placed  under  water 
and  expofed  to  the  fun , gives  out  it  s vital  air;  red 
precipitate,  in  fimilar  cafes,  affords  vital  air,  and 

does  not  require  a long  time  before  it  becomes 

black. 


Nature  and  Properties  of  Elastic  Fluids.  443 

black.  You  may  alfo  obtain  vital  air  by  means  of 
the  vitriolic  acid.  M.  Chaptal  ufed  for  this  pur- 
pofe  the  following  fimple  procefs.  He  put  two 
ounces  of  manganefe  in  a fmall  apothecary’s  phial, 
pouring  thereon  as  much  vitriolic  acid  as  formed  it 
into  a liquid  pafte;  he  fitted  one  end  of  a leg  curv- 
ed tube  to  the  neck  of  the  bottle,  and  let  the 
other  be  inferted  under  a receiver  in  the  pneu- 
matic tub,  as  in  our  former  experiment,  and  then 
prefented  a heated  coal  to  the  lower  part  of  the 
bottle.  The  manganefe  he  ufed  was  fome  he  dif- 
covered  at  St.  Jean  de  Gardonnenque,  which  af- 
fords vital  air  with  great  facility,  nothing  more 
being  neceffary  for  their  purpofe  than  to  incorpo- 
rate it  with  vitriolic  acid.  The  firft  bubble  is  as 
pure  as  the  laft.  Vital  air  difcolours  vegetable  and 
animal  fubftances  : w'hen  abforbed  by  fixed  oils,  it 
thickens  them  and  reduces  them  into  a ftate  re- 
fembling  wax. 

We  have  already  told  you,  that  this  pure  and 
vital  air  is  difengaged  from  fome  fubftances,  mere- 
ly by  the  influence  of  folar  light.  You  will  foon 
fee,  that  the  influence  of  light  on  the  operations  of 
nature  is  exceedingly  extenfive ; and  will  be  able* 
by  a very  eafy  fet  of  experiments,  to  convince 
yourfelves  of  the  nature  of  the  procefs. 

Vital  air  continually  emanates  from  vegeta- 
bles expofed  to  the  light  of  the  fun : the  leaves 
feem  to  elaborate  this  air  by  the  means  of  light ; the 
folar  fluid  is  abforbed,  and  becomes  the  caufe  of 
colour,  flavour,  &c.  in  the  vegetable.  In  a word, 
it  is  fixed  there  as  phlogifton.  The  fame  operation 
enables  the  leaves  of  plants  to  emit  the  vital  air. 
Xhe  emiifion  of  vital  air  is  proportioned  to  the 
vigour  ol  the  plant,  and  the  vivacity  of  the  lio-ht. 

Dr.  Frieftlcy  has  {hewn  that  plants  have  a 
power  of  correfting  bad  air,  and  Dr.  Ingcnhoufz 
that  they  have  the  faculty  of  elaborating  the  air 

they 
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they  contain,  and  pouring  down  continually  into 
the  atmofphere  fhowers  of  vital  air,  to  render  it 
more  fit  for  animal  life  ; and  that  this  is  entirely 
owing  to  the  influence  of  the  folar  light  on  the 
plant.  And  I invite  you  to  repeat  his  experiments 
when  you  are  in  the  country  in  the  fummer  feafon, 
as  they  are  eafily  made,  and  will  afford  you  a very 
rational  amufement. 

The  procefs  for  extracting  this  air  from  ve- 
getables is  exceeding  Ample  : it  conflfts  in  immer- 
ling  or  incloAng  them  in  water,  in  an  inverted 
glafsveffel  filled  therewith,  and  placed  on  thefhelf 
of  your  pneumatic  tub.  The  moment  the  plant 
is  acted  on  by  the  fun,  you  will  obferve  fmall  bub- 
bles of  air  formed  on  it’s  leaves,  which  gradually 
grow  larger,  and  detaching  themfeives  from  the 
fibres  of  the  leaf,  arife  to  the  upper  part  of  the 
velfel,  and  difplace  the  water. 

All  plants  do  not  emit  this  air  with  the  fame 
facility  ; there  are  fome  which  emit  it  the  mo- 
ment the  fun  a£ts  upon  them,  as  the  leaves  of  the 
jacobasa,  of  lavender,  and  fome  aromatic  plants. 
Some  aquatic  plants  feem  alfo  to  excel  in  this  ope- 
ration ; others  emit  it  more  flowly,  but  none  later 
than  8 or  io  minutes,  provided  the  fun’s  light  be 
ftrong.  The  air  is  almoff:  totally  furnifhed  by  the 
inferior  furface  of  the  leaves  of  trees  ; herbaceous 
plants  afford  it  from  almoff  the  whole  of  their  fur- 
face.  The  leaves  afford  more  air  when  attached 
to  the  plant,  than  when  gathered  ; and  the  quantity 
is  greater,  the  frefher  and  founder  they  are.  Young 
leaves  afford  but  a fmall  quantity  of  vital  air,  thole 
which  are  full  grown  afford  more,  and  the  more 
the  greener  they  are  ; for  it  is  not  produced  by 
leaves  which  are  injured  or  yellow.  The  paren- 
chyma of  the  leaf  appears  to  be  the  part  w'hich 
emits  the  air.  The  epidermis,  the  bark,  and  the 
white  petals,  do  not  afford  it ; and  in  general,  vital 
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air  is  only  furnifhed  by  the  green  parts  of  plants. 
Thus  alfo  green  fruits  and  grain  afford  this  air  ; 
but  it  is  not  furnifhed  by  thofe  which  are  ripe; 
and  flowers  in  general  render  the  air  noxious. 

M.  Chaptal  mentions  having  often  collected 
this  air,  and  that  in  abundance,  from  a kind  ot 
mofs,  which  covers  the  bottom  of  a vcffel  filled 
with  water,  and  fo  well  defended  that  the  fun  ne- 
ver fhone  direffly  upon  it. 

Dr.  Ingenhoufz  obferves,  that  the  confer- 
va, as  well  as  the  green  matter  which  is  formed 
on  water,  affords  much  vital  air.  M.  Senebier  has 
fhevrn,  that  an  acid  diluted  in  water  increafes  the 
quantity  of  air  which  is  difengaged,  (when  the 
water  is  not  too  much  acidulated,)  and  in  this  cafe 
the  acid  is  decompofed. 

Water  plants,  it  has  been  obferved  to  you,  are 
remarkably  vigorous  in  this  property  of  yielding 
vital  air,  and  thus  correct  the  inflammable  air  bred 
by  the  foil  in  low  marfhy  grounds ; fo  that  thefe 
places  produce  one  of  the  beft  remedies  for  their 
own  natural  evils : and  thus  do  all  things  wTork 
together  for  good. 

The  plant  of  the  najiurtium  Indicum , in  the 
fpace  of  two  hours,  gives  out  more  pure  air  than, 
equals  the  bulk  of  all  it’s  leaves  : what  a quantity 
then  muft  be  difcharged  from  lofty  trees  in  a day’s 
time.  Does  not  this  point  out  an  error  in  tho 
modern  practice  of  leaving  dweiling-houfes  fo 
naked  to  a conliderable  diffance,  and  deftitute  of 
vegetation. 

The  act  of  vegetation  alone  is  not  fufficient  to 
produce  this  falutary  effect  upon  the  air : it  is  ve- 
getation in  the  fun-fhine  from  whence  this  good 
is  to  be  expected. 

The  fun  does  not  aff  merely  from  it’s  heat  : 
the  emiflion  of  this  gas  is  occafioned  by  the  light, 
and  may  therefore  be  obtained  by  a ftrong  light, 

without 
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without  the  direct  action  of  the  folar  rays  ; the 
excretion  is  flronger  as  the  light  is  more  vivid.  It 
would  feem  as  it  light  favoured  the  work  of  digef- 
tion  in  the  plant,  and  that  the  vital  air,  which  is 
one  of  the  principles  of  almoft  all  the  nutritive 
juices,  more  efpecially  of  water,  is  emitted,  when 
it  finds  no  fubftance  to  combine  with  in  the  vege- 
table. Hence  it  arifes,  that  plants,  whofe  vege- 
tation is  the  mod:  vigorous,  afford  the  greateft 
quantity  of  air. 

Dr.  Ingenhoufz,  fince  the  publication  of  his 
Englifh  work  on  vegetables  expofed  to  the  light  of 
the  fun,  has  been  more  or  lefs  condantly  employed 
on  the  fame  fubjedt  ; and  on  occafion  of  feme  con- 
troverfies,  has  publifned,  both  in  French  and  Ger- 
man, many  experiments,  all  tending  to  the  fame 
conclufion.  His  chief  controverfy  was  with  Mr. 
Senebier  of  Geneva,  which,  however,  has  termi- 
nated completely  in  his  favour  ; for  his  antagonid: 
has  candidly  acknow  ledged  that  he  was  totally 
mifled  by  fome  inattention  in  conducting  his  pro- 
ceffes.  In  the  Acfa  Theodoro-Palatina  is  a very 
long  feries  of  experiment's  by  profeffor  Succow  of 
Mannheim,  which  exactly  coincide  with  thofe  of 
Dr.  Ingenhoufz. 

He  concludes  his  account  of  them  in  the  fol- 
lowing manner.  ff  Thofe  effects  of  the  folar  light 
on  plants,  which  Dr.  Ingenhoufz  firftfo  admirably 
pointed  out,  are  confirmed  by  the  preceding  expe- 
riments, in  which  trees  and  plants  appeared  mod: 
capable  of  yielding  pure  air  in  the  light  of  the  fun ; 
whereas  in  the  fhade  they  afforded  air  more  or  lefs 
phlogidicated.  That  the  air  which  is  extricated 
when  vegetables  are  expofed  in  water  to  the  fun- 
fhlne,,  proceeds  from  their  leaves  and  other  parts, 
fcarCe  needs  any  proof.  Water  indeed  does  con- 
tain a quantity  of  air  which  is  difengaged  by  the 
influence  of  light ; but  the  quantity  is  fo  fparing 

even 
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even  in  a large  quantity  of  water,  that  it  can  by 
no  means  be  let  in  competition  with  that  which 
vegetables  yield  in  the  courfe  of  a few  hours.  Did 
this  air  proceed  from  the  water,  it  would  in  a very 
few  cafes  prove  fo  pure,  unlefs  the  water  contained 
fome  of  the  green  conferva  ; but  then  it  would  be 
to  this  mofs  "that  the  origin  of  the  air  muff  be 
aferibed.  The  difference  in  the  air  itfelf,  which 

vegetables  yield  when  other  circumftances  are  alike, 

puts  it  beyond  all  doubt,  that  the  air  proceeds  not 
from  the  water,  but  the  vegetables.” 

Dr.  Ingenhoufz,  in  his  laft  work,  has  related 
fome  variations  of  his  experiments.  ^ He  found 
that  water  impregnated  with  acids,  alkalies,  neu- 
tral falts,  expreffed  juices  of  vegetables,  as  of 
raifins,  peaches,  &c.  very  much  promoted  the 
production  of  pure  air  by  vegetables,  except  in  the 
cafe  of  the  graffes  (of  which  the  product  is  varia- 
ble from  undifeovered  caufes),  of  the  conferva 
rivularis,  and  water-plants  in  general,  which  are 
killed  by  fixed  air,  and  fome  others,  when  this  acid 
is  employed.  A few  fubftances,  fuch  as  the  juice 
of  onions,  cucumbers,  and  turneps,  prevented, 
inffead  of  forwarding,  the  extrication  of  air. 

Among  the  fubftances  which  favour  the  ex- 
trication of  pure  air,  we  have  every  thing  which 
can  well  be  fuppofed  to  enter  into  the  compofition 
of  manure,  falts  fimple  and  compound,  with  the 
juices  and  extractive  matter  of  plants.  If  we  may 
affume,  that  the  production  of  this  falutary  fluid  is 
a natural  function  and  an  healthy  procefs,  it  fol- 
lows directly,  that  the  ufe  of  manure  is  to  occafton 
a greater  exertion  of  that  function. 

That  the  production  of  vital  air  is  among  the 
chief  functions  of  vegetables,  is  a fuppolition  coun- 
tenanced by  many  experiments.  Mr.  Cavendifti 
himfelf  infers,  that  the  vital  air  obtained  by  Dr. 
Ingenhouii  comes  from  the  dccompofition  of  w a- 
ter. 
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ter.  .There  is  one  experiment  related  by  the  lad- 
mentioned  author,  highly  remarkable,  and  not  to 
be  explained  on  any  other  fuppofttion  that  has  been 
hitherto  thrown  out.  <f  I boiled  (fays  he)  home 
water  for  twohours,  and  then  poured  it  boiling  into 
a glafs  balloon  of  the  capacity  of  200  cubic  inches. 
The  balloon  was  then  carefully  clofed.  Before  the 
water  was  grown  quite  cold,  I introduced  into  the 
balloon  four  cubic  inches  of  granulated  green  mat- 
ter, which  was  taken  out  of  the  great  refervoir  in 
the  botanic  garden  (at  Vienna),  and  repeatedly 
wafhed  in  boiling  water ; care  being  taken  to 
fqueeze  out  after  each  wafhing  ail  the  moifture,  in 
order  that  none  except  boiling  water  might  remain 
adhering  to  it.  I next  clofed  the  balloon  with  a 
perforated  ftopple,  in  order  to  allow  the  water  an 
exit  when  it  fhould  be  prefled  by  the  ait  evolved 
from  the  green  matter.  The  balloon  was  inverted 
into  a veil'd  of  quickfilver  placed  in  the  fun.  The 
air  generated  at  fir  ft  was  abforbed  by  the  water 

o # J 

itfelf : but  being  loon  faturated,  it  refufed  to  take 
up  any  more  ; and  in  the  courfe  of  a few  days  I 
found  a confiderable  quantity  of  air  collected.”  If 
then  it  be  true  that  water  is  decompounded  by  ve- 
getables, it  follows  that  infiarhmablc  air  or  phlo - 
gijion  is  abforbed  and  fixed;  an  opinion  counte- 
nanced by  Priefldey’s  experiments  on  charcoal,  on 
fliced  roots  of  onions,  &c.  for  neither  he  nor  Sene- 
bier,  nor  Ingenhoufz,  nor  I think  any  other,  has 
ever  found  inflammable  air  in  the  elaftic  fluid  af- 
forded by  the  leaves  and  other  proper  parts  of  ve- 
getables expofed  to  the  fun.  The  inflammable  mat- 
ter which  furrounds  certain  vegetables  is,  I fup- 
pofe,  an  eflential  oil  in  the  Irate  of  vapour;  and 
if  any  plant  fhould  yield  inflammable  air  in  the 
way  1 have  mentioned,  I doubt  not  but  it  would 
furnifh,  in  other  refpe&s  as  well  as  this,  a lingular 
exception  to  the  reft  of  the  kingdom. 


There 
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There  is  Fill  another  corollary  more  prccife 
and  fatisfadtory  to  be  drawn  from  thefe  premifes. 
The  quantity  of  vital  air  that  is  extricated,  will 
afford  a teF  of  the  quantity  of  food  taken  in  the 
plant. 

It  may,  moreover,  be  fuppofed,  that  the  addi- 
tions, which  Dr.  Ingenhoufz  made  life  of,  are  not 
thofe  which  will  produce  the  greateF  effedt.  It  is 
reafonable  to  fuppofe,  that  Nature,  in  the  immen- 
Fty  of  her  Fores,  has  Fimulants  far  exceeding  thefe 
in  power ; which  further  inquiry  will  both  difeover 
and  teach  how  to  apply.  For  if  thefe  principles 
be  juF,  they  will  be  eaFly  applicable,  when  we 
are  in  poFeffion  of  a greater  number  of  fadts,  both 
to  gardening  and  agriculture  : and  I doubt  not  but 
that  in  time  a rational  fyFem  of  vegetable  medi- 
cine may  be  conFrudted,  if  the  fubjedt  be  properly 
profecuted.  In  the  mean  time,  languiFiing  trees 
may  be  waFied  or  fprinkled  with  water  acidulated 
with  vitriolic  acid,  which  Ingenhoufz  found  to  be 
moF  eFedtual  in  promoting  the  production  of 
pure  air. 

It  will  not  be  difficult  for  any  perfon,  who  may 
choofe  to  refledt  on  the  fubjedt,  to  contrive  other 
experiments,  by  which  thefe  principles  may  be 
conFrmed  or  refuted. 

This  vital  air  from  plants  is  a beneficent 
gift  from  God , to  repair  inceffantly  the  confump- 
tion  thereof  in  the  oeconomy  of  nature.  The  plant 
abforbs  atmofpherical  mephitis,  and  emits  vital 
air.  Man  on  the  contrary  is  kept  alive  by  vital 
air,  and  emits  much  mephitis.  The  animal  and 
vegetable  kingdoms  therefore  labour  for  each  other. 
By  this  admirable  reciprocity  of  fervices,  the  at- 
mofphere  is  continually  repaired,  and  an  equili- 
brium maintained  between  it’s  conFituent  prin- 
ciples. 

From  thefe  difeoveries,  fays  Sir  T.  Prinde 
Vol.I.  G g we 
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we  are  affured,  that  no  vegetable  grows  in  vain  ; 
but  that  from  the  oak  of  the  foreff  to  the  grabs  of 
the  field,  every  individual  plant  is  ferviceable  to 
mankind  ; if  not  always  diffinguifhed  by  fome 
private  virtue,  yet  making  a part  of  the  whole, 
which  cleanfes  and  purifies  our  atmofphere.  In 
this  the  fragrant  rofe  and  deadly  night-fhade  co- 
operate : nor  is  the  herbage,  nor  the  woods  that 
flourifh  in  the  molt  remote  and  unpeopled  regions, 
unprofitable  to  us,  nor  we  to  them,  confidering 
how  conflantly  the  winds  convey  to  them  our  vi- 
tiated air  for  our  relief,  and  their  nourifhment. 
And  if  ever  thefc  falutary  gales  rife  to  {forms  and 
hurricanes,  let  us  {fill  trace  and  revere  the  ways 
of  a beneficent  Being,  who  not  fortuitoufly,  but 
with  defign,  not  in  wrathy  but  in  mercy , thus 
{hakes  the  waters  of  the  earth  together,  to  bury  in 
the  deep  thofe  putrid  and  peftilential  effluvia,  which 
the  vegetables  upon  the  face  of  the  earth  had 
been  insufficient  to  confume. 

The  properties  of  vital  air  are  more  or  lefs 
{friking,  according  to  it’s  degree  of  purity.  This 
depends  in  general  upon  the  fubffances  from  which 
it  is  produced.  That  obtained  from  mercurial 
calces  generally  holds  a fmall  quantity  of  mercuiy 
in  folutuon.  M.  Chaptal  mentions  it  having  fpee- 
dily  falivated  two  perfons  who  ufed  it  for  diforders 
in  the  lungs ; and  alfo  that  having  filled  bottles  with 
the  air,  and  then  expofed  them  to  an  intenfe  cold, 
the  fides  became  obi  cured  with  a ftratum  of  mer- 
curial calx,  in  a {fate  of  extreme  divifion  : that 
having  heated  the  bath,  over  which  he  caufed  this 
* air  to  pafs,  he  obtained  at  two  different  times 
yellow  precipitate.  The  air  obtained  from  plants 
is  not  equally  pure  with  that  afforded  by  the  me- 
tallic calces. 

Vital  air  is  heavier  than  atmofpheric  air..  A 

cubic  foot  of  atmofpheric  air  weighs  720  grains  ; 

a cubic 


Nature  and  Properties  of  Elastic  Fluids.  451 

a cubic  foot  of  vital  air  765  grains.  Mr.  Kirwan 
makes  it’s  weight  to  that  of  common  air,  as  1103 
to  1000. 

Several  of  the  metals,  when  diflblvedin  fpirit 
of  nitre,  afford,  by  an  effervefcence,  a kind  of  air 
called  nitrous  air,  of  which  1 Frail  fpeak  hereafter. 
If  this  air  be  mixed  with  any  other  elaftic  fluid 
which  contains  vital  air,  it  unites  with  this  laft, 
and  forms  red  fumes,  which  fall  down,  and  are 
found  to  confift  of  nitrous  acid;  the  air  is  dimi- 
nifhed  in  bulk  by  the  lofs,  and  hence  the  nitrous 
air  becomes  a teft  of  the  goodnefs  of  refpirable 
air. 

Vital  air  is  the  only  fluid  proper  for  combuf- 
tion : for  when  bodies  burn  in  common  air,  it  is 
only  the  vital  air  contained  therein  which  aflifts 
combuftion.  When  the  vital  air  is  pure  and  dif- 
engaged  from  other  fluids,  there  is  great  increafe 
of  heat  and  light  during  the  combuftion.  Thefe 
two  phenomena  are  occafioned  by  the  rapid  fepara- 
tion  of  the  fire,  which  is  difengaged  from  the  body 
and  from  the  vital  air.  It  appears  from  experi- 
ment, 1.  That  there  is  no  combuftion  without  vital 
air.  2.  That  in  every  combuftion  there  is  an  ab- 
forption  of  vital  air.  3.  That  there  is  an  augmen- 
tation of  weight  in  the  products  of  combuftion, 
faid  to  be  equal  to  the  weight  of  the  vital  air  that 
is  abforbed.  4.  In  all  combuftion,  heat  and  light 
are  difengaged. 

I plunge  a lighted  taper  into  one  of  thefe  vef- 
fcls  filled  with  vital  air;  the  flame  you  fee  becomes 
inftantaneoufly  more  ardent,  more  lively,  more 
luminous,  while  the  combuftion  is  four  tiirles  more 
rapid. 

Here  is  a bit  of  wood,  one  end  of  which  has 
been  charred;  I light  it,  and  then  plunge  it  into 
this  bottle  of  vital  air  ; the  wood  you  fee  inflames 
immediately,  and  burns  away  with  aftonilhing  ra- 

^ g 2 pidity. 
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pidity.  You  remember  Dr.  Ingenhoufz’s  brilliant 
experiment,  when  we  burnt  the  iron  wire  in  vital 
air. 

Mr.  Lavoifier  prepared  an  apparatus  proper 
to  afcertain  the  quantity  of  vital  air  introduced  into 
it ; and  alfo  what  was  confumed  during  the  expe- 
riment ; fome  phofphorus  was  placed  in  this  ap- 
paratus ; when  the  whole  was  properly  difpofed, 
he  fet  fire  to  the  phofphorus  with  a burning  glafs, 
the  combuflion  was  extremely  rapid,  accompanied 
with  a bright  flame  and  much  heat.  As  the^ope- 
ration  went  on,  large  quantities  of  white  hakes 
attached  thenrfelves  to  the  inner  furface  ol  the 
globe,  fo  that  at  laft  it  was  rendered  quite  opake. 
The  quantity  of  thefe  flakes  became  fo  abundant, 
that  although  frefh  vital  air  was  continually  fup*- 
plied,  which  ought  to  have  fupported  the  com- 
buflion, yet  the  phofphorus  was  loon  extin- 
guifhed. 

The  apparatus  being  completely  cooied,  he 
firfl  afcertained  the  quantity  of  vital  air  employed, 
and  weighed  the  balloon  accurately  before  it  was 
opened.  He  then  w afhed,  dried,  and  weighed,  the 
fmall  quantity  of  phofphorus  that  remained  in  the 
cup;  this  refiduum  was  of  a yellow'  ochrey  colour. 
Bv  thefe  feveral  precautions  he  determined,  iA.  L “e 
weight  of  the  phofphorus.  a.  The  weight  of  the 
flakes  produced  by  the  combuflion.  3.  1 he  weight 
of  the  vital  air  combined  with  the  phofphoius. 
The  reful t ihewed,  ifl.  That  the  phoiphorus,  011- 
rino-  it’s  combuflion,  had  abforbed  rathei  moie 
than  one  and  a half  it’s  weight  from  vital  a,,;. 
2.  That  the  weight  of  new  fubftances  produced, 
exactly  equalled  the  fum  of  the  weights  of  the 
phofphorus  confumed,  and  the  vital  air  employed. 

You  have  been  told,  that  phofphorus  is 
changed  by  combuftion  into  an  extremely  light, 
white,  flakey  matter;  the  properties  are  entirely 
altered  by  the  transformation.  From  being  in  o- 
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luble  in  water,  it  is  now  not  only  folvible  therein, 
but  fo  greedy  of  moifture  as  to  difengage  the  hu- 
midity from  the  air  with  aftonilhing  rapidity,  by 
which  it  is  converted  into  a liquid  more  denfe,  and 
of  greater  fpecific  gravity  than  water.  Ihephof- 
phorus  before  combuftion  had  fcarccly  any  ien- 
iible  tafte  ; by  it’s  union  with  vital  air,  it  acquires 
an  extremelyy&urp  and  four  tafte  ; in  a word,  from 
the  clafs  of  combuftible  bodies,  it  is  changed  into 
an  incombuftible  fubftance,  and  becomes  one  ot 
thofe  bodies  called  acids. 

Many  other  combuftible  fubftances  are  alfo 
thus  converted  into  acids  by  the  addition  of  \ital 
air.  The  French  writers,  therefore,  term  every 
combination  of  vital  air  with  a combuftible  fub- 
lfance,  oxygenation. 

Sulphur  is  a combuitible  fubftance,  or  in 
other  words,  it  is  a body  which  pofieffes  a pow- 
er of  decompoiing  vital  air  by  feparating  from 
it  the  fire  with  which  it  was  combined.  This 
is  ealily  proved  by  experiments  fimilar  to  the  pre- 
ceding, though  the  refults  cannot  be  obtained 
with  the  fame  accuracy  ; becaufe  the  acid  formed 
by  the  combuflion  is  not  ealily  condenfed,  becaufe 
fulphur  does  not  burn  fo  ealily  as  the  phofphorus, 
and  is  foluble  by  different  gaffes.  Mr.  Lavoiiier 
fays,  that  notwithftanding  this,  he  can  affirm 
from  his  own  experiments,  that  fulphur  in 
burning  abforbs  vital  air  (or  more  accurately  the 
■water  therein)  ; that  the  refulting  acid  is  con- 
fiderably  heavier  than  the  fulphur  burnt ; that  it’s 
weight  is  equal  to  the  fum  of  the  weights  of  the 
fulphur,  which  has  been  burnt,  and  of  the  vital  air 
which  has  been  abforbed  ; and  laftly,  that  this  acid 
is  weighty,  incombuftible,  and  mifcible  with  wa- 
ter in  all  proportions. 

Charcoal  decompofes  alfo  vital  air,  byahforb- 
ing  the  bale  from  the  fire  ; the  afid  refulting  from 
this  combuftion,  is  not  condenlible  in  the  com- 
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mon  temperature  and  preflure  of  our  atmofphere. 
It  remains  in  the  ftate  of  gas,  and  requires  a large 
portion  of  water  to  be  combined  with  or  be  dif- 
folved  in.  It  has  however  the  properties  of  all 
other  acids,  though  in  a weaker  degree.  This 
aeriform  acid  was  called  fixed  or  fixable  airy  by  the 
chemift  who  firlt  difeovered  fome  of  it’s  proper- 
ties. 

Mr.  Lavoilier  affirms,  that  it  is  eafy  to  prove 
that  all  acids  are  formed  by  the  combuftion  of  certain 
fubftances ; that  the  ponderable  part  of  vital  air 
is  an  element  common  to  them  all ; and  that  from, 
many  acids  vital  air  may  be  eafily  obtained. 

Vital  air  is  feparated  from  it’s  fire  by  metals, 
when  heated  to  a certain  degree  ; in  confequence 
of  which  all  metallic  bodies,  excepting  gold,  filver, 
and  platina,  have  the  property  of  decompofing 
vital  air,  and  attracting  the  bafe  * from  the  fire  with 
which  it  was  combined.  We  have  already  fhewn 
you,  in  wffiat  manner  this  decompolition  takes 
place,  by  means  of  mercury  and  iron  : the  firft  is  a 
very  gradual  combuftion  ; the  latter  is  very  rapid, 
and  attended  with  a very  brilliant  flame.  The 
heat  employed  in  thefe  operations,  is  to  feparate 
their  particles,  and  loofen  their  cohefion. 

The  abfolute  weight  of  metallic  fubftances  is 
augmented  in  proportion  to  the  quantity  of  vital 
air& they  abforb ; they  lofe  at  the  fame  time  their 
metallic  brilliancy,  and  are  reduced  into  an  earthy 
pulverizable  matter. 

The  metals  do  not  at  fopowerfully  in  vital  air 
as  to  feparate  it  entirely  from  it’s  fire,  which  is  fup- 
pofed  to  be  the  reafon  that  they  are  not  converted 
into  acids  like  fulphur,  phofphorus,  and  charcoal, 
but  into  an  intermediate  fubftance,  which,  though 
approaching  the  nature  of  falts,  has  not  acquired 

ail  the  faline  properties.  The  old  chemifts  affix 

the 


* The  ponderable  bafe  is  water. 
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the  name  of  calx  to  metals  in  this  Fate ; the  French 
chcmids  have  fubffituted  in  it’s  room  the  word 
oxyd. 

Vital  air  is  faid  to  form  almoft  a third  part  of 
the  mafs  of  our  atmofphere,  and  is  confequently 
one  of  the  mod  plentiful  fub dances  in  nature.  All 
animals  and  vegetables  live  and  grow  in  this  im- 
menfe  magazine  of  vital  air,  and  from  it  is  pro- 
cured the  greater  part  of  v hat  is  employed  in  ex- 
periments.K So  great  is  the  affinity  of  this  element 
and  other  fubdances,  that  it  cannot  be  procured 
tree  irom  all  combination. 

To  oxygenate  a fubdance,  or  make  it  combine 
with  vital  air,  it  is  necedary  that  the  parts  of  the 
fubdance  diOiild  have  more  affinity  with  vital  air 
than  to  each  other.  This  may,  in  fome  degree, 
be  brought  about  by  art ; for  by  heating  them,  or 
by  introducing  fire  into  their  interdices,  we  dimi- 
nifh  the  cohefion  of  the  particles.  The  degree  of 
heat  at  which  the  oxygenation  takes  place,  is 
diderent  in  did'erent  bodies.  Many  bodies 
combine  with  vital  air  by  being  expofed  to  the 
air  of  the  atmofphere,  in  a convenient  degree  of 
temperature.  With  refpecd  to  lead,  mercury,  and 
tin,  this  need  be  but  little  higher  than  the  medium 
temperature  of  the  earth  ; but  iron  and  copper, 
when  the  operation  is  not  affided  by  moidure,  re- 
quire a much  greater  degree  of  heat. 

Oxygenation  fometimes  takes  place  with  great 
rapidity,  and  j^s  accompanied  with  great  fendble 
heat,  light,  and  flame;  fuchis  the  combudion  of 
phofphorus  in  atmofpheric  air,  and  of  iron  in 
vital  air.  That  of  fulphur  is  lefs  rapid,  while  that 
of  lead,  tin,  and  mod  of  the  metals,  is  a deeded  very 
dowly;and  confequently  the  difengagement  of  lire, 
and  more  efpccially  of  light,  is  hardly  fendble. 

The  affinity  of  fome  fubdances  with  vital  air, 
is  fo  drong,  and  they  combine  with  it  at  inch  low 

g '-1  degrees 
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degrees  of  temperature,  that  we  cannot  procure 
them  in  their  unoxygenated  ftate  ; fuch  is  the  mu- 
riatic acid.  There  are  other  means  of  combining 
fimple  fubftances  with  vital  air  ; for  a knowledge 
of  which,  I muft,  however,  refer  to  the  writings 
of  Lavoificr,  Morvcau,  &c. 

Vital  air  is  peculiarly  necejjary  for  refpiration  ; 
animals  live  a much  longer  time  in  it,  than  they 
would  in  the  fame  quantity  of  atmofpheric  air. 

Count  Morozzo  placed  fucceffively  feveral  full 
grown  fparrows  under  aglafs  receiver  inverted  over 
water.  It  was  filled  with  atmofpherical  air,  and 
afterwards  with  vital  air.  He  found. 


1 ft.  That  in  atmofpherical  air 

Hours. 

Min. 

The  fir  ft  fparrow  lived 

3 

0 

The  fecond,  * — 

0 

3 

T'he  third,  — 

0 

1 

The  water  rofe  in  the  veffels 

eight  lines 

during 

the  life  of  the  firft,  four  during  the  life  of  the 

fecond,  and  the  third  produced 

no  abforption. 

2.  In  vital  air. 

Hours . 

Min. 

The  firft  fparrow  lived. 

5 

23 

The  fecond,  — 

2 

10 

The  third,  — 

1 

30 

The  fourth,  — 

1 

10 

The  fifth. 

0 

30 

The  fixth,  — 

0 

47 

The  feventh,  — 

0 

27 

The  eighth,  - — 

0 

3° 

T'he  ninth,  — 

• 0 

22 

The  tenth. 

0 

21 

From  thefe  experiments  we  may  conclude, 
t.  That  an  animal  lives  longer  invital  than  in  atmo- 
fpherical air.  2.  That  one  animal  can  live  in  air, 
in  which  another  has  died.  3.  That,  independent 
of  air,  feme  refpeeft  muft  be  had  to  the  conftitu- 
tion  of  the  animal  : the  lixth  lived  47  minutes,  the 

fifth 
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fifth  only  thirty.  4.  That  there  is  either  an  ab- 
forption  of  air,  or  the  production  of  a new  kind  of 
air  which  is  abforbed  by  the  water  as  it  rifes. 

Vital  air  is  therefore  the  fluid  proper  to  fup- 
port  the  life  of  animals.  A great  quantity  of  fire 
is  necellary  to  fupport  life.  Vital  air  combines 
readily  with  the  mephitis  in  the  blood  and  lungs  ; 
and  thus  a part  of  it’s  fire  is  fet  at  liberty,  which 
goes  to  the  fupport  of  life.  I he  other  part  com- 
bines with  the  mephitis,  and  forms  what  is  called 
azotic  gas,  or  phlogiflicated  air.  It  is  the  affinity 
between  the  mephitic  and  vital  air,  which  conlti- 
tutes  the  fitnefs  of  vital  air  for  refpiration  ; the 
bales  of  no  other  elaffic  fluid  poflefs  the  fame 
property.  Vital  air  anfwers  two  purpofes,  which 
are  both  equally  neceffary  for  our  prefervation. 
It  takes  from  the  blood  it’s  fuperabundant  me- 
phitis, which  would  be  prejudicial,  and  gives  out 
fire  to  fupport  the  continual  wafte  thereof,  to  which 
our  frame  is  liable. 

It  has  long  been  known,  that  animals  cannot 
live  without  the  affiffance  of  air.  Though  the  phe- 
nomena of  refpiration  have  been  very  imperfectly 
known  until  lately,  the  ancients  are  thofe  who  had 
the  more  accurate  ideas  concerning  it.  They  ad- 
mitted in  the  air  a principle  proper  to  nourifh  and 
fupport  life,  which  they  denoted  by  the  name  of 
'pabulum  vitce. 

They  alfo  knew  that  there  wras  a ftriking  re- 
lation between  the  flame  of  a candle  and  the  prin- 
ciple of  life  in  an  animal  body.  Phylicians  have 
alfo  argued  for  what  fome  of  them  have  termed  a 
biolychnus  (candle  of  life)  in  the  blood.  Bartho- 
line  fays,  that  animal  fire  is  kept  up  in  the  heart 
by  a reciprocal  ventilation  from  the  lungs,  as  a 
common  flame  is  excited  by  the  air  from  a pair  of 
bellows  ; and  that  when  this  ventilation  from  the 
lungs  ceafes,  life  goes  out  as  natural^  as  fire  with- 
out 
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out  air.  The  ancients  were  alfo  of  an  opinion, 
that  part  of  the  air  drawn  in  by  the  lungs  actually 
pafTes  into  the  arteries  ; and  the  arteries  are  fup.- 
pofed  to  take  their  name  from  the  air  or  fpirit 
which  they  contain,  together  with  the  arterial 
blood. 

The  vapour  emitted  by  expiration  from  the 
lungs  is  a mixture  of  phlagifticated  air,  fixed  air, 
and  vital  air.  If  the  vapour  iffuingfrom  the  lungs 
be  made  to  pafs  through  lime-water,  it  renders  it 
turbid  ; if  it  be  received  through  tindture  ofturn- 
fole,  it  reddens  it ; and  if  an  alkali  be  fubfeituted 
to  the  turnfole,  it  becomes  effervefeent. 

When  the  foregoing  procefs  has  abforbed  ail 
the  fixed  air,  the  remainder  confifts  of  phlogifti- 
catcd  air  and  vital  air.  The  prefence  of  vi- 
tal air  is  manifefted  by  means  of  nitrous  air. 
The  air,  in  which  Mr.  Chaptal  had  caufed  five 
fparrows  toperiih,  afforded  17CO  parts  of  vital  air. 
The  expired  air  being  thus  deprived  of  all  it’s  vital 
and  fixed  air,  the  remainder  was  phlogifticated 
air.  Animals  feeding  upon  herbs  and  grain,  are  faid 
to  vitiate  the  air  lefs  than  carnivorous  animals. 

A portion  of  air  is  abforbed  in  refpiration. 
Dr.  Jurin  fays,  that  a man  infpires  40  cubic  inches 
of  air  by  his  ufual  exhalations  ; that  in  the  greateft 
he  could  receive  220  inches  ; but  that  a portion 
was  always  abforbed.  Dr.  Hales  conftdcred  the 
abforption  as  taking  up  136th  part  of  the  refpired 
air.  Now  as  a man  refpires  20  times  in  a mi- 
nute, and  inhales  40  cubic  inches  of  air  at  each  in- 
fpiration,  this  makes  48,000  in  an  hour  ; which 
divided  by  136,  gives  353  inches  of  air  abforbed 
and  deftroyed  in  an  hour.  From  more  accurate 
experiments,  M.  de  la  Metherie  concludes,  that 
^60  cubic  inches  of  vital  air  arc  abforbed  in  an 
hour.  Thefe  facts  ihew  how  cafily  air,  when  it  is 

not 
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not  renewed,  is  vitiated  by  refpiration,  and  why 
the  air  of  theatres  and  dole  crouded  places  is  fo 
unwholefome. 

A variety  of  fads  prove  that  the  vermilion 
colour  affumed  by  the  blood  in  the  lungs  arifes  from 
the  vital  air  which  combines  with  it,  and  is  the 
firft  effed  of  the  contad,  abforption,  and  combi- 
nation of  vital  air  with  the  blood.  If  blackifh 
venous  blood  be  expofed  in  a pure  atmofpherc,  the 
furface  becomes  a vermilion  colour ; a fad  daily 
obferved  when  blood  is  expofed  in  a porringer  to 
the  air.  Air  which  has  remained  in  contad  with 
blood,  extinguishes  candles,  and  precipitates  lime- 
water  ; air  injeded  into  a determinate  portion  of  a 
vein,  between  two  ligatures,  renders  the  blood  of 
a high  colour.  The  blood  which  returns  from  the 
lungs,  is  of  a higher  colour.  Hence  arifes  the  great 
intenlity  of  the  colour  of  arterial  blood  compared 
with  venous  blood. 

Mr.  Thouvenel  is  faid  to  have  fhewn  that  by 
withdrawing  the  air  which  is  in  contad  with  the 
blood,  it  may  again  be  made  to  lofe  it’s  colour. 
Blood,  expofed  in  a vacuum,  remained  black,  but 
it  affumed  a beautiful  vermilion  colour  as  foon  as  it 
was  expofed  to  air.  Thefe,  with  various  otherfads, 
fhew,  that  the  vermilion  colour  of  blood  arifes 
from  air. 

The  fecond  effed  of  refpiration  is  to  eftablifh 
a focus  of  heat  in  the  lungs ; a circumftance  en- 
tirely oppofed  to  the  opinion  of  thofe  who  con- 
fidered  the  lungs  merely  as  a kind  of  bellows, 
defigned  only  to  cool  the  human  body. 

The  heat  in  each  clafs  of  individual  animals 
is  proportioned  to  the  magnitude  of  their  lungs. 
Animals  with  cold  blood  have  only  one  auricle  and 
ventricle. 

All  perfons  who  have  refpired  vital  air,  agree 
that  it  communicates  a gentle  vivifying  heat  to  the 

lungs. 
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kings,  which  infenfibly  extends  from  the  break  to 
all  other  parts  of  the  body. 

1 he  foregoing,  and  many  other  fabts,  unite 
in  proving  that  a locus  of  heat  really  exifts  in  the 
lungs,  which  is  maintained  and  kept  up  by  the  air 
of  refpiration. 

In  fact,  there  is  an  abforption  of  vital  air  in 
refpiration.  Refpiration  is  an  operation,  by  means 
of  which  vital  air  palfes  continually  from  an  aerial 
to  a concrete  ftate,  and  confequently  is  continually 
quitting  the  fire  by  which  it  was  fupportsd  in  a 
ftate  of  gas. 

The  heat  produced  at  every  infpiration  feems 
therefore  to  depend  on  the  volume  of  the  lungs, 
their  activity,  the  purity  of  the  air,  the  rapidity, 
&c.  of  the  infpi  rations. 

More  heat  is  confequently  produced  in  win- 
ter, becaufe  the  air  is  more  eondenfed,  and  fur- 
nifhes  more  vital  air  under  the  fame  bulk,  and 
confequently  more  heat  to  the  inhabitants  of  colder 
climates.  Thus  does  a benevolent  Providence  con- 
tinually temperate  and  ballance  the  cold  of  thefe 
climates. 

M.  Chaptal  fays,  that  the  lungs  of  afthmatic 
perfons  are  lefs  capable  of  digefting  this  air,  and 
that  they  emit  air  without  vitiating  it ; from  which 
caufe  their  complexion  is  cold,  and  their  lungs 
continually  languifhing : hence  they  find  vital  air 
peculiarly  comfortable. 

From  what  has  been  faid  you  mu  ft  have  per- 
ceived, that  the  phenomena  of  refpiration  arefimilar 
to  thofe  of  combuftion.  This  has  been  effablifhed 
by  Dr.  Crawford,  who  has  clearly  fhewn,  that 
animal  heat  is  one  of  the  principal  advantages  de- 
rived from  refpiration  ; that  when  the  blood  returns 
from  all  parts  of  the  body  to  the  lungs,  it  has  loft  a 
quantity  of  it’s  fire,  and  imbibed  forne  noxious 
quality;  that  in  the  lungs  it  meets  with  atmofphe- 
ric  air;  that  it  abforbs  fire  from  the  vital  air  con- 
tained 
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tained  therein,  and  imparts  to  the  air,  which  re- 
mains, it’s  impurity;  that  the  blood  having  thus 
robbed  the  air  contained  in  the  lungs  of  a portion  of 
it’s  fire,  and  rendered  that  which  remained  fenfibly 
warm,  the  air  is  expelled,  and  frelh  air  taken  in  to 
undergo  the  fame  procefs. 

The  quantity  of  air  changed  by  a man,  in  a 
minute,  is  found  to  be  equal  to  that  which  is  altered 
by  a candle  in  the  fame  fpace  oi  time  ; and  hence 
a man  is  continually  deriving  as  much  heat  from 
the  air  as  is  produced  by  the  burning  oi  a candle. 

Vital  air  has  been  ufed  with  fuccefs  in  difor- 
ders  of  the  human  frame.  Meffrs.  Caillens  and 
Chaptal  fpeak  of  it’s  having  been  refpired  in  phthi- 
iical  diforders  with  great  fuccefs.  He  is  far,  how- 
ever, from  coniidering  it  as  a fpecific,  and  is 
doubtful  as  to  it’s  application  ; yet  as  it  infpires 
cheerfulnefs,  and  renders  the  patient  happy,  he 
conceives  it  to  be  an  admirable  remedy  in  defperate 
cafes,  as  it  will  foread  flowers  as  it  were  on  the 
borders  of  the  grave,  and  prepare  us  in  the  gentleft 
manner  for  the  lalt  dreadiul  eitort  oi  natural  life. 
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Of  Phlogisticated  Air,  Azotic  Gas,  or 
Atmospherical  Mephitis. 

This  air  is  fuppofed  to  be  from  the  mephitic 
part  of  the  atmofphere,  or  that  part  which  is  not 
fit  for  refpiration.  Dr.  Priefiley  fuppofed  it  to  be 
air  altered  by  the  phlogifton  difengaged  from  bo- 
dies in  combuftion,  or  other  phlogiftic  procefles. 
It  is,  however,  now  thought  to  exift  ready  formed 
in  the  atmofphere,  and  to  be  the  refiduum  thereof 
when  this  is  deprived  of  it’s  vital  air.  Mr.  Lavoi- 
fier  calls  it  azotic  gas,  from  it’s  known  property  of 
killing  fuch  animals  as  are  forced  to  breathe  in  it. 
The  word  is  derived  from  the  Greek  privitive 
particle  «,  and  $«vj,  life. 

This  element  is  always  in  a ftate  of  gas  in  the 
ordinary  preflure  and  temperature  of  the  atmo- 
fphere, and  no  degree  of  cold  or  compreffion  has 
hitherto  been  capable  of  reducing  it  either  to  a 
folid  or  liquid  form. 

It  is  the  refidue  of  combuftion,  of  the  refpira- 
tion of  animals,  and  of  putrifadtion,  becaufe  in  all 
thefe  cafes  vital  air  is  abforbed.  In  refpiration,  a 
portion  of  the  fire  from  vitalairgoes  to  thefupport 
of  life,  while  the  remainder  combining  with  a part 
of  the  blood  becomes  fixed  air,  which  is  expired 
together  with  the  phlogifiicated  air. 

This  gas  may  be  procured  pure  by  feveral 
methods;  that  of  Scheele  is  the  one  moft  generally 
ufed : it  confifts  in  expofing  liver  of  fulphur  in  a 
liquid  ftate  to  a given  quantity  of  atmofpheric  air 
under  a glafs  receiver  ; the  fulphur  abforbs  by  de- 
grees the  vital  air,  and  when  the  abforption  is 
complete  the  phlogifiicated  air  remains  pure. 
M.  Berthollet  obtained  it  from  mufcular  flefh,  or 
from  the  fibrous  part  of  the  globules  of  blood,  by 
Well  wa filing  it  with  nitrous  acid  in  the  pneumatic 

apparatus ; 
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apparatus  ; for  the  bafe  of  this  gas  enters  into  the 
compolition  of  flefh,  and  ferves  to  animalize  it. 
The  animal  fubftances  made  ufe  of  muft  be  frefh, 
for  if  they  are  altered  by  putrifadtion,  they  furnifh 
fixed  air  mixed  with  the  phlogifticated  gas.  When 
by  any  other  means,  as  the  calcination  of  metals, 
the  rancidity  of  oils,  combuftion,  the  vital  air  of 
the  atmofphere  is  abforbed,  the  refidue  is  this  nas. 

1 ^ J v.3 

M.  Fourcroy  has  difcovered,  that  the  bladders  of 
carp  arc  full  of  it,  and  that  it  may  be  caiily  col- 
lected by  breaking  them  underneath  veffels  filled 
with  water. 

It  is  lighter  than  atmofpheric  air.  When  the 
barometer  ftands  at  30.46,  and  the  thermometer  at 
60,  the  weight  of  the  phlogifticated  air  is  to  that 
of  common  air  as  985  to  1000.  You  may  eafilv 
fatisfy  yourfelves  that  it  is  lighter  than  common  air : 
for  this  purpofe  put  three  or  four  lighted  tapers, 
of  different  heights,  under  this  receiver  full  of 
common  air,  in  which  the  air  cannot  be  renewed, 
and  you  will  obferve  that  in  proportion  as  the 
vital  air  is  dccompofed,  they  go  out,  the  higheft 
firft  ; a Efficient  proof  that  this  gas  forms  the 
lightelt  part  of  the  air. 

Phlogifticated  air,  when  it  is  pure,  has  neither 
tafte  nor  fmcli. 

It  is  not  folvible  in  water,  or  only  in  a very 
final  1 degree. 

I have  divided  a long  glafs  tube  into  equal 
meafures,  which  is  diftinguifhed  by  marks  made 
with  a diamond.  I fhall  now  put  two  meafures  of 
phlogifticated  gas  into  this  tube,  and  then  agitate 
it  ffrongly  in  water;  and  you  fee  that  after  the 
agitation  the  volume  of  air  is  not  fcnfibly  dimi- 
ni died. 

This  gas  does  not  exhibit  any  fign  of  acidity; 
it  does  not  redden  the  blue  colour  of  vegetables. 
Here  is  a tube  full  of  mere  phlogifticated  air  ; I 

1 intro- 
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introduce  therein  a fmall  quantity  of  the  tindlure 
oi  turnfole,  diluted  in  water,  and  you  find  that 
the  colour  remains  the  fame,  and  is  not  changed 
by  the  gas. 

Phlogifticated  air  does  not  precipitate  lime 
from  lime-water.  I put  a fmall  quantity  of  lime- 
water  into  a tube  filled  with  the  gas,  and  you  fee 
that  it  remains  clear  and  limpid,  and  that  no  pre- 
cipitation takes  place. 

It  is  improper  for  refpiration  and  combuftion; 
an  animal  is  foon  fuffocated  therein,  and  a candle 
or  taper  immediately  extinguifhed. 

Plants  live  and  vegetate  in  this' air,  and  render 
it  refpireable ; the  vegetables  decompofing  the 
water,  feparate  the  vital  air  from  it,  which  mix- 
ing with  this  gas,  forms  atmofpheric  air;  in  fad:, 
72  parts  of  this  gas  mixed  with  28  of  vital  air,  forms 
air  fimilar  to  that  of  the  atmofphere. 

This  gas  mixes  with  other  airs  without  com- 
bining with  them;  it  is  abforbed  by  nitrous  acid, 
which  renders  it  fuming.  Mr.  Cavendifh  has 
(hewn,  that  3 parts  of  azotic  gas  mixed  with  7 of 
vital  air,  and  then  expofed  to  the  paffage  of  the 
elaftic  fpark,  is  gradually  condenfed,  and  produces 
the  r.itrous  acid. 

Almoft  every  air  or  gas  is  convertible  into 
phlogifticated  air.  Vital  air  abforbed  by  charcoal 
which  has  been  made  red-hot,  and  expelled  from 
thence  by  plunging  the  charcoal  in  water,  is  chan- 
ged into  phlogifticated  air.  A mixture  oi  one 
meafure  of  vital  air  and  two  meafures  of  inflam- 
mable air,  kept  (landing  for  fome  time  together, 
was  found  to  contain  a quantity  of  phlogifticated 
air.  Nitrous  is  changed  into  phlogifticated  air  by 
feveral  methods,  among  others,  by  expofure  to  the 
eledxic  fpark,  by  abforption  by  charcoal,  and  ex- 
pulfion  from  thence. 

M.  Berthollet  has  difeovered,  that  it  is  a com- 
bination 
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bination  of  this  air  with  inflammable  air  that  forms 
the  ammoniac  obtained  from  animal  fubftances, 
by  thcadionof  lire,  and  by  putrifadlion  ; and  that 
planes,  which  give  the  lame  fait  by  diftillation,  fur- 
nifti  it  in  confequence  of  their  containing  this  gas, 
and  therefore  well  deferve  the  name  of  animal 
plants,  which  has  been  given  to  them  by  fome  che- 
mifts.  M.  Fourcroy  has  found,  1.  That  of  animal 
matters,  the  fibrous  parts  aft'ord  mod  of  this  gas 
by  nitrous  acid : when  the  nitrous  acid  a£ts  upon 
the  fleih,  or  other  parts  of  animal  fubftances,  the 
elaftic  fluid,  which  is  fird  and  mod  plentifully 
difengaged,  is  phlogidicated  air.  2.  That  after 
putrifadtion  they  contain  no  more  phlogidicated 
air,  but  are  rendered  capable  of  affording  a con- 
dderable  quantity  of  ammoniac. 

Of  Atmospheric  Air,  and  it’s  Division  into 
two  Elastic  Fluids;  one  fit  for  Respi- 
ration, THE  OTHER  INCAPABLE  OF  BEING 
RESPIRED. 

From  the  preceding  Ledures  it  appears,  that 
our  atmofphere  is  compofed  of  a mixture  of  every 
fubdance  capable  of  retaining  the  gafeous  or  aeri- 
form date  in  the  common  temperature,  and  under 
the  ufual  preflu  re ; that  thefe  fluids  conditute  a 
mafs  in  fome  meafure  homogeneous,  extending  from 
the  furface  of  the  earth  to  the  greated  height 
hitherto  attained,  and  whole  denftty  continually 
increafes  in  the  inverfe  ratio  of  the  fuperincumbent 
weight : but  it  is  ,‘poflible  that  this  fird  dratum 
may  be  furmounted  by  feveral  others  confiding  of 
different  fluids. 

Modern  chemifls  have  endeavoured  to  deter- 
mine by  experiments  the  elaftic  fluids  which  com- 
pofe  the  lower  dratum  we  inhabit.  There  are  two 
methods  of  determining  the  conftituent  parts  of 
^ °t.  I.  H h bodies. 
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bodies,  the  method  of  analyfis , and  that  of  JynthefiS* 
When,  for  inftance,  by  combining  water  with 
alcohol  you  form  what  is  called  brandy,  or  fpirit 
of  wine,  you  have  certainly  aright  to  conclude*  that 
brandy  or  fpirit  of  wine  is  compofed  of  alcohol 
combined  with  water.  The  fame  refult  may  be 
produced  by  the  analytical  method. 

Mr.  Lavoifier  has  treated  atmofpherical  air  in 
this  manner,  and  endeavoured  to  afcertain  it’s 
nature  by  decompofing  it,  and  forming  it  anew7 ; 
I fhall  therefore  here  recount  fome  of  his  inte- 
refting  experiments*  He  took  a retort  contain- 
ing about  36  inches;  the  neck  was  fo  bent  as  to 
allow  it’s  being  placed  on  a furnace  while  the  neck 
was  inferted  under  the  glafs  receiver  which  was 
placed  in  a trough  of  quickfilver.  Four  ounces  of 
mercury  were  put  into  the  retort,  and  the  air  was 
extracted  from  the  receiver  by  means  of  a fyphon, 
fo  as  to  raife  the  mercury  therein  to  a certain 
height,  which  height  w?as  carefully  marked  by  a 
flip  of  paper.  The  height  of  the  barometer  and 
thermometer  being  noted,  a fire  wras  lighted  in  the 
furnace,  and  kept  up  continually  for  12  days,  fo  as 
to  keep  the  quickfilver  always  almoft  at  the  boil- 
ing point. 

Nothing  remarkable  appeared  during  the  firft 
day:  the  mercury,  though  not  boiling,  was  conti- 
nually evaporating,  and  covered  the  interior  furfacc 
of  the  veffel  with  fmall  drops,  at  firft  very  minute, 
which  gradually  augmenting  to  a fufficient  fize, 
fell  back  into  the  mafs  at  the  bottom  of  the  veffel. 

On  the  fccond  day,  fmall  red  particles  began 
to  appear  on  the  furface  of  the  mercury,  which 
during  the  four  or  five  following  days  gradually  in- 
crealcd  in  fize  and  number,  after  which  they  ceafed 
to  increafe  in  every  refpect.  At  the  end  of  1 2 day  s, 
the  calcination  of  the  mercury  did  not  increafe. 
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the  fire  was  extinguifhed,  and  the  veffels  fuffered 
to  cool. 

The  volume  of  air,  in  the  body  and  neck  of 
the  retort,  and  in  the  receiver,  reduced  to  a me- 
dium of  78  inches  of  the  barometer,  and  540  of 
the  thermometer,  at  the  commencement  of  the 
experiment,  was  50  cubical  inches  ; but  at  the 
end  of  the  experiment,  the  remaining  air  reduced 
to  the  fame  medium  of  p refill  re  and  temperature, 
was  only  between  42  and  43  cubic  inches  ; confe- 
quently  it  had  loft  about  Jive-Jixths  of  it’s  volume. 
The  red  particles  were  afterwards  collected,  and 
found  to  amount  to  45  grains. 

The  air  which  remained  after  the  calcination 
of  the  mercury  in  this  experiment,  and  which  was 
reduced  to  five-fixths  of  it’s  former  bulk,  was  no 
longer  fit  either  for  refpiration  or  combuftion  ; ani- 
mals introduced  into  it  were  fuffocated  in  a few'  fe- 
conds  ; and  when  a taper  was  plunged  therein,  it  was 
extinguifhed,  as  if  it  had  been  immerged  in  water. 

Mr.  Lavoifier  then  took  the  45  grains  of  red 
matter  formed  during  the  experiment,  and  put 
them  into  a glafs  retort,  with  a proper  apparatus 
for  receiving  fuch  liquid  or  aerial  fluid  as  might 
be  extracted.  Having  applied  fire  to  the  retort  in 
a furnace,  he  obferved  that  in  proportion  as  the 
red  matter  was  heated,  the  intenftty  of  it’s  colour 
augmented.  When  the  retort  was  almoft  red-hot, 
the  red  matter  began  gradually  todecreafe  in  bulk, 
and  in  a few  minutes  after  it  disappeared  altogether  ; 
at  the  fame  time  forty-one  and  half  grains  of  run- 
ning mercury  were  colledled,  and  feven  or  eight 
cubical  inches  of  an  elaftic  fluid,  much  more  ca- 
pable of  fupporting  both  combuftion  and  refpira- 
tion than  atmofpheric  air.  A taper  burned  in  it 
with  a dazzling  fplendor;  charcoal,  inftead  of  con  * 
fuming  quietly,  as  it  does  in  common  air,  burnt 
With  a flame  attended  with  a decrepitating  noife, 
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and  threw  out  finch  a brilliant  light,  that  the  eve 
could  hardly  indure  it. 

If  you  reflect  upon  this  experiment,  you  readily 
perceive,  that  the  mercury,  during  it’s  calcination,, 
abforbs  the  pure  and  refpirable  part  of  the  air  ; 
that  the  remaining  part  is  a fpecies  of  mephitis, 
incapable  of  fupporting  combuftion  or  refpiration; 
and  confequently  that  almofpheric  air  is  compofed 
of  two  elafiic  fluids , of  different  and  oppofite  quali- 
ties. As  a proof  of  this,  if  thefe  two  elaftic  fluids 
are  re-combined,  that  is,  the  42  cubical  inches  ot 
mephitis,  or  phlogiflicated  air,  with  the  8 cubical 
inches  of  vital  air,  you  reproduce  an  air  apparently 
fimilar  to  that  of  the  atmofphere,  and  polfefling 
nearly  the  fame  power  of  fupporting  combuftion 
and  refpiration. 

As  during  the  calcination  of  mercury  air  is 
decompofed,  and  the  bafe  of  the  refpirable  part 
fixed  and  combined  with  the  mercury,  it  follows 
from  what  has  been  already  eftablifned  in  our  Lec- 
tures, that  fire  and  light  muft  be  difengaged  dur- 
ing theprocefs  ; but  it  is  not  fenfible  in  this  expe- 
riment for  the  following  reafons  : As  the  calcina- 
tion lafts  feveral  days,  the  fire  and  light  that  is  dif- 
engaged in  fo  conliderable  a fpace  of  time,  becomes 
extremely  fmall  for  each  particular  moment  ot  that 
time,  fo  as  not  to  be  perceptible,  and  further  is 
alfo  confounded  with  that  proceeding  from  the 
furnace. 

It  is,  however,  eafy  to  render  this  difengage- 
ment  of  fire  and  light  evident  to  the  fenles,  by 
caufing  the  decompofition  of  the  air  to  take  place 
in  a more  rapid  manner.  For  this  purpofe  iron  is 
well  adapted,  and  we  fhall  therefore  relate  to 
you  Dr.  lngenhoufz’s  curious  experiment,  which 
we  exhibited  to  you  in  one  of  our  laft  Lec- 
tures. You  remember  that  the  inftant  the  tinder 
oame  in  contact  with  the  vital  air,  the  lion  wire 

took 
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rook  fire,  and  burnt  rapidly,  throwing  out  brilliant 
fparks.  When  every  thing  has  been  properly  ar- 
ranged and  conducted,  according  to  Mr.  Lavoifier’s 
method,  the  whole  wire  is  confumed  even  to  the 
laft  particle  ; the  globules  of  iron  will  be  found  in 
that  ftate  called  martial  elhiops.  If  the  experi- 
ment be  well  made  from  100  grains  of  iron,  you 
will  obtain  135  or  136  grains  ofethiops,  which  is  an 
augmentation  of  35  per  cent.  ‘Thefe  experiments 
will  be  fufficient  to  give  you  fome  idea  of  the  nature 
of  atmofpheric  air;  you  will  find  many  more  to 
the  fame  purpofe  in  the  later  chemical  writers ; 
ihewdng  clearly,  that  the  mixture  of  about  72  parts 
of  phlogifticated  air,  and  2 8 of  vital  air,  form  a fluid 
iimilar  to  the  mafs  in  which  we  live.  Thefe  two 
principles  are  fo  well  mixed  therein,  each  of  them 
fo  neceflary  to  the  fupport  of  the  various  functions 
of  individuals  which  live  and  vegetate  upon  the 
globe,  that  they  ha*ve  not  yet  been  found  feparate 
and  alone.  The  proportion  of  thefe  gafes  is  fubjeeft 
to  variations,  which  depend  on  local  caufes  that 
cannot  poflibly  be  afeertained. 

The  charadferiftic  properties  of  vital  air  are 
modified  by  thofe  of  phlogifticated  air;  and  thefe 
modifications  feem  to  be  neceflary,  for  if  we  were 
to  refpire  vital  air  in  it’s  purity,  it  would  quickly 
confume  our  life.  Though  it  may  be  ufeful  as  a 
medicine,  the  candle  of  life  would  burn  out  too 
fafi,  and  the  animal  powers  be  too  foon  exhaufted 
in  the  pure  air. 

Mr.  Lavoifier,  from  the  foregoing  experi- 
ments, confiders  atmofpherical  air  as  * a mere 
mixture  of  vital  and  phlogifticated  airs.  For  this 
he  has  no  other  reafon  than  that  by  applying  fufi- 
ftances  to  it  which  have  an  affinity  to -vital  air,  the 
poition  of  this  fluid  that  is  in  the  atmofpherical 
air  is  abforbed,  while  the  refiduum  is  only  phlo^'if- 
ticated  air. 

H h 3 
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But  this  fart  may  only  fhew,  that  atmo- 
fpherical  air  can  be  decompounded,  and  that  it  may 
•be  confidered  as  a chemical  compound,  confining 
of  a given  proportion  of  vital  and  phlogifticated 
airs.  There  are  indeed  many  reafon$  to  induce  us 
to  prefer  this  confideration,  that  atmofpherical  air 
is  an  homogeneous  fluid,  or  in  other  words,  an  uni- 
form chemical  compound,  to  that  of  it’s  being  a 
lucre  mixture  of  -two  diftinrt  fluids.* 

Thus  we  find  vital  air  and  phlogifton  are  ca- 
pable of  combining  in  a variety  of  proportions, 
and  confequently  of  affuming  different  forms  : there 
is  therefore  no  improbability  in  fuppofing  atmo- 
fpherical  air,  as  it  confifis  of  the  fame  elements,  to 
be  alfo  an  uniform  compound. 

Further,  atmofpherical  air  is  found  by  cu- 
diometrical  experiments  to  be  very  uniform  in 
the  proportion  of  it’s  conflituent  .parts  of  pure 
and  phlogifticated  airs.  If  it  were  a mere  mix- 
ture, one  fhould  expert  to  find  a great  diverfity 
therein  ; but  being  a compound  of  a given  propor- 
tion in  it’s  conflituent  parts,  which  proportion  is 
undoubtedly  the  belt  poflible  for  it’s  purpofes  of 
maintaining  animal  and  vegetable  fubflances,  and 
other  important  ufes  to  which  it  is  deflined  ; it  is 
kept  very  nearly  of  one  uniform  oompofition,  or 
degree  cf  purity,  as  it  is  called. 

If  the  atmofpherical  fluid  confifled  of  a mere 
mixture  of  thefe  two  airs  floating  together  in  the 
fame  fpace  as  they  are  of  different  fpecific  gra- 
vities, they  would  feparate ; the  pure  air  remaining 
near  the  furface  of  the  earth,  and  the  phlogifti- 
cated air  afeending.  But  from  the  comparative  ob- 
servations which  have  been  made  of  the  purity  of 
the  air  in  valleys  and  at  the  tops  of  lofty  mountains, 
there  is  reafon  to  believe,  that  no  fuch  leparation 
takes  place.  *"  ' 

Of 
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Nitrous  air  was  firit  difcovered  by  Dr.  Hales, 
who  produced  it  from  the  Walton  pyrites,  by 
means  of  the  fpirit  of  nitre  : he  alfo  obferved,  that 
when  joined  to  common  air,  an  effervefcence  en- 
fued,  w ith  a turbid  red  colour  of  the  mixture,  and 
an  abforption  of  part  of  the  common  air.  Dr. 
Prieftley  extending  the  experiment  to  other  me- 
tallic fubftances  obferved,  that  the  fame  kind  of 
» * * • * 

air  was  by  the  fame  acid  readily  procured  from 
iron,  copper,  brafs,  tin,  filver,  quickfilver,  bif- 
muth,  and  nickil ; and  that  though  it  conftantly, 
when  joined  to  common  air,  exhibited  thofe  ap- 
pearances mentioned  by  Dr.  Hales , and  more 
confpicuoufly  in  proportion  to  the  purity  of  the 
common  air  mixed  with  it  (that  is,  it’s  fitnefs  for 
refpi ration)  ; yet  it  made  no  change  with  either 
fixed  or  inflammable  air,  or  that  air  tainted  by  the 
breath  of  animals,  or  the  corruption  of  their  bo- 
dies. By  means  of  this  tefl:  he  was  enabled  to 
judge  of  the  kind,  as  wrell  as  of  the  degree  of  in- 
jury done  to  common  air  by  candles  burning  in 
it ; and  to  perceive  a real  difference  in  the  air  of 
his  ltudy,  after  a few  perfons  had  been  with  him 
there.  Nay,  a phial  of  air  ‘having  been  fent  him 
from  the  neighbourhood  of  a large  tow'n,  it  ap-* 
peared  upon  a comparative  trial  to  be  inferior  in 
quality  to  that  taken  up  near  Leeds.  It  wras  upon 
fuch  a profpeft  of  obtaining  a criterion  for  diftin- 
guilhinggood  air  from  bad,  that  Lord  Bacon  almofl 
in  a rapture  breaks  out : <c  There  are  noble  expe- 
riments that  can  make  this  difeovery,  for  they 
ferve  for  a natural  divination  of  feafons.” — ff  Thev 
teach  men  to  choofe  their  dwellings  for  their  better 
health. ” Later  experiments  have  fhewn,  that  this 
tefl:  is  not  fo  advantageous  as  was  at  firft  fupr 
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Nitrous  air  is  one  of  the  conftituent  parts  of 
the  nitrous  acid,  or  it  is  rather  the  fame  deprived 
in  a great  degree  of  it’s  acid.  It  is  compofed, 
therefore,  ot  the  fame  parts  as  the  nitrous  acid, 
that  is,  of  mephitis,  or  phlogifticated  air,  holding 
a fmall  quantity  of  vital  air,  and  combined  with 
fire.  In  this  ftate  it  is  not  foluble  in  water ; but  if 
it  be  furn ifhed  with  vital  air,  it  becomes  acid,  and 
very  foluble  in  water. 

L ou  may  eafily  be  convinced,  both  analytical- 
ly and  fynthetically,  that  the  bafe  of  phlogifticated 
air  is  the  nitrous  acid,  holding  vital  air,  but  not 
faturated  with  it,  for  in  that  cafe  it  would  become 
the  nitrous  acid. 

i . By  analyfis,  you  may  decompofe  the  nitrous 
acid,  and  reduce  it  to  the  ftate  of  nitrous  air,  by 
making  it  adt  on  any  metal,  as  copper,  which  takes 
away  the  greater  part  of  it’s  vital  air.  Expoling 
this  air  afterwards  to  liver  of  fulphur,  it  is  de- 
prived of  the  remainder  of  the  vital  air,  and 
nothing  remains  but  phlogifticated  air.  2.  By 
fynthefis,  Mr.  Cavendilh  introduced  into  a tube 
of  glafs  7 parts  of  vital  air,  obtained  without  the 
ufe  of  nitrous  acid, ,,  and  3 parts  of  phlogifticated 
air,  or  eftimating  them  by  weight,  10  parts  of 
phlogifticated  to  26  of  vital  air  : and  having 
caufed  the  cle&ric  fpark  to  pafs  through  this  air, 
perceived  that  it’s  bulk  was  conftderably  dimi- 
nifhed,  and  fucceedcd  in  converting  them  into  the 
nitrous  acid . 

From  this  experiment  it  may  be  prefumed, 
that  the  nitrous  acid  is  a combination  ot  7 parts 
of  vital,  and  3 of  phlogifticated  air  ; that  thefe 
proportions  conftitute  the  common  nitrous  acid. 
When  it  is  deprived  of  a portion  of  it’s  vital 
air,  it  paffes  to  the  ftate  of  nitrous  air  ; fo  that,  as 
we  faid  before,  nitrous  air  is  a combination  of 
phlogifticated  air,  with  a fmall  quantity  of  vital 


Nature  and  Properties  of  Elastic  Fluids.  473 

air.  Nitrous  acid  may  alfo  be  produced  by  expo- 
ling  vital  air,  for  a long  time,  to  the  exhalations  of 
putrifying  animal  fubftances,  together  with  a cal- 
careous earth,  or  any  other  proper  bafe  to  receive 
and  combine  therewith. 

The  nitrous  acid  may  alfo  be  inftantly  pro- 
duced by  mixing  nitrous  with  vital  air. 

The  exigence  of  nitrous  acid  in  the  atmo- 
fphere  has  long  been  a very  popular  opinion  ; it 
however  refted  upon  no  dccilive  fa 61,  till  Mr. 
Cavendifh,  by  an  important  experiment,  feems  to 
have  placed  it  among  eftabli filed  truths.  He  has 
fhewn,  that  by  palling  the  electric  fpark  through 
common  air  included  in  a glafs  tube,  the  air  was 
diminifhed  in  quantity,  and  nitrous  acid  was  pro- 
duced. 

Common  air  being  fuppofed  to  be  a mixture 
of  vital  and  phlogifticated  airs,  he  repeated  the 
experiment  on  a mixture  of  thefe  fluids  as  above 
related,  and  found  that  when  mixed  in  due  pro- 
portion, they  were  wholly  convertible  into  the 
nitrous  acid,  or  nitrous  acid  and  water. 

Now  as  the  nitrous  acid  may  be  obtained 
either  from  a mixture  of  common  and  nitrous  air, 
or  of  common  and  phlogifticated  air,  it  feems  evi- 
dent, that  nitrous  and  phlogifticated  airs  muft 
contain  the  fame  elements,  but  that  one  of  them  is 
modified  by  vital  air. 

Nitrous  air  may  be  difengaged  from  the  acid, 
by  making  this  a 61  on  combuftible  matters,  which 
combine  more  or  lefs  with  it’s  vital  air,  whilft  the 
phlogifton  thereof  holds  a fmall  quantity  of  vital 
air,  which  together  with  fire  forms  nitrous  air; 
confequently  it  may  be  extra&cd  from  the  nitrous 
acid,  by  means  of  iron,  copper,  brafs,  tin,  filvcr, 
mercury,  bifmuth,  and  nickel  ; and  even  from  aqua 
regia,  by  gold  and  antimony.  The  acid  mult  be 

cautioufiy 
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cautiously  applied  to  iron,  on  account  of  the  Prong 
^million  of  the  fumes. 

Jl~  may  be  obtained  from  the  nitrous  acid  by 
ipcrit  of  wine,  ether,  oils,  rciinous  fubflances, 
fugar,  Szc.  1 he  properties  thereof  are  the 
fwie,  from  whatfoev.er  fubftance  it  he  extracted. 

It  is  obtained  i.n  larged  quantities  fron>  metals. 
) here  are  home,  however,  from  which  nothing  can 
Ire  obtained  but  phlogifticated  ai,r,  becaufe  they 
deprive  the  acid  of  all  it’s  vital  air. 

I put  fotne  thin  pieces  of  copper  into  this 
bottle,  which  I fill  with  nitrous  acid  that  I have 
previously  diluted  with  water  ; I then  put  in  a 
ground  hopple  and  bent  tube  into  the  neck  of  the 
bottle,  and  introduce  the  tube  under  one  of  the 
jars  (that  are  filled  with  water)  of  my  pneumatic 
apparatus  : a fermentation  y.ou  fee  takes  place  in 
the  bottle,  the  metal  is  diffolved,  and  the  nitrous 
air  lifes  through  the  water,  and  fettles  at  the  upper 
part  of  the  inverted  jar. 

Nitrous  is  .very  little,  if  any  thing,  heavier 
than  atmofpberic  air.  Pure  nitrous  air  is  not  at 
all  mifcible  with  water,  as  you  may  .eafily  expe- 
rience by  agitating  them  together  in  a glafs.-tube 
under  water.  It  is  not  acid  ; does  not  change 
the  blue  colour  of  vegetables,  fuch  as  the  tinc- 
ture of  turnfole;  as  you  will  fee  by  my  palling  a 
little  of  the  tinblure  in  this  tube  with  nitrous  air* 
(tire. colour  is  not  changed. 

it  does  not  maintain  combuflion.  I plunge 
this  lighted  taper  into  it,  you  fee  how  foon  it  is 
extinguilhcd  ,*  before  the  flame  went  out  it  became 
of  a green  colour.  It  is  unfit  for  refpiration,  and 
fpeedily  kills  both  animals  and  plants.  ItpoflefTes 
the  re  markable  property  of  uniting  with  vital  air, 
with  which  it  forms  nitrous  acid ; when  mixed 
therewith,  it  forms  a red  cloud,  -which  is  imbibed. 
Jp\  the  water,  and  renders  it  acid. 
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Here  is  a long  glafs  tube,  divided  into  equal 
meafures  ; I lhall  firft  put  two  meafufes  of  atmo- 
fpheric  air  therein,  and  one  of  nitrous  air;  you 
obferve  that  it  fumes  immediately,  and  becomes 
hot  ; and  as  the  combination  which  now  takes 
place  forms  nitrous  acid,  which  is  very  fo.lvible  in 
water,  you  will  fee  the  water  rife  in  proportion  as 
it  abforbs  the  acid;  fo  that  of  three  meafures 
which  were  in  the  tube  at  firlt,  only  one  and  a half 
will  remain ; if  the  air  was  good,  the  refiduum  is 
azotic  air.  The  heat  produced  in  .this  experiment 
arifes  from  the  fire  which  is  fet  at  liberty.  If  in- 
ftead  of  atmofpheric  air  you  put  into  the  tube  two 
meafures  of  vital  air,  and  two  of  nitrous,  the  whole 
will  be  nearly  abforbed  by  the  water.  Dr.  Prieft- 
ley  found  by  various  experiments,  that  when  ni- 
trous air  is  mixed  with  any  other  elaftic  fluid,  they 
undergo  .no  change,  if  the  latter  be  unfit  tofupport 
cambuftion  or  animal  life  ; but  if  the  contrary,  the 
red  cloud  is  formed,  and  the  whole  bulk  of  the 
mixture  is  diminifhed,  accordingly  as  the  air  is 
more  or  lefs  pure. 

This  property  of  nitrous  air  to  abforb  the  refpi- 
rative  part  of  air,  and  form  the  nitrous  acid,  ena- 
bles us  to  ufe  it  as  a teji  to  difcover  the  falubrity  or 
portion  of  vital  air  in  the  compofition  of  the  atmo- 
fphere  : upon  this  principle  Eudiometers  are  con- 
itrudled.  This  inftrument,  however,  is  as  yet 
imperfedt ; it  will  indeed  fhew  to  a certain  degree 
of  accuracy  the  proportion  of  vital  air,  and  the 
falubrity  of  the  atmofphere,  as  far  as  it  may  depend 
on  a certain  portion  of  this  air;  but  gives  no  in- 
formation relative  to  the  other  noxious  airs,  &c. 
which,  when  mixed  in  the  atmofphere,  alter  and 
render  it  unwholefome.  Befides  which,  it  is  very 
difficult  to  obtain  nitrous  air  of  the  fame  degree  of 
purity;  and  there  are  alterations  in  the  appearances 
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or  cftedt  th^t  may  arife  from  a difference  of  tem-r 
perature. 

Nitrous  air  may  be  decompofed  by  expofing 
it  to  liver  of  fulphur;  the  vital  air  unites  with  the 
fulphur,  and  forms  vitriolic  acid,  and  leaves  the 
azotic  air  behind  in  a date  of  purity.  It  may  alfo 
be  decompofed  by  pyrophorus,  which  burns  there- 
in and  abforbs  the  vital  air. 

Mr.  Van  Marum  has  fhewn,  that  this  gas  may 
be  decompofed  by  the  ele&ric  fpark,  that  3 cubic 
inches  thereof  were  thereby  reduced  to  one  inch  and 
3 quarters,  and  that  the  reddue  no  longer  poffeffes 
any  properties  of  nitrous  air.  The  vitriolic  acid 
abforbs  nitrous  air,  and  affumes  a purple  colour; 
marine  acid  imbibes  it,  and  becomes  blue : it  is 
alfo  abforbed  by  ether,  alkaline  liquors,  and  fpi- 
rit  of  wine. 

If  nitrous  acid  be  expofed  to  nitrous  air,  the 
latter  is  abforbed  in  large  quantities,  and  the  co- 
lour of  the  acid  changes,  firft  at  the  furface,  and 
gradually  through  the  whole  liquid;  the  fucceffion 
of  colours  are  firff  yellow,  then  deep  orange,  next 
green,  and  laftly  blue : by  this  abforption  the  aci'd 
is  rendered  much  more  volatile. 
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Of  Fixed  Air. 

This  acid  is  generally  found  in  an  aeriform 
ftate  : of  the  various  elaftic  fluids  it  is  that  which 
has  been  longeft  known ; from  it’s  apparent  acid 
qualities  it  has  been  named  aerial  acid , and  carbo- 
nic acid ; from  it’s  noxious  qualities  it  is  often 
termed  mephitic  air.  Van  Helmont  called  it  gas 
Jylvejlris , becaufe  it  was  produced  in  vaft  quanti- 
ties during  the  combuflion  of  charcoal.  The  term 
fixed  air  was  given  thereto,  becaufe  it  fo  rapidly 
loft  it’s  elaflicity,  and  fixed  itfelf  in  many  fub- 
ftances,  particularly  thofe  of  the  calcareous  kind  : 
it’s  nature  is,  however,  far  from  being  afeertained. 
Many  chemifts  conftder  it  as  Ample,  or  at  leaft  as 
having  never  yet  been  decompofed.  It  is  about 
twice  as  heavy  as  common  air;  hence  it  occupies 
the  lower  parts  of  thofe  cellars,  mines,  caves,  &c. 
that  contain  materials  proper  for  it’s  formation. 

The  French  chemifts  conftder  fixed  air  as  a 
combination  of  carbonne,  (matter  or  principle  of 
charcoal,)  and  vital  air.  They  think  this  to  be 
evident  for  the  following  rcafons : Firft,  that  the 
calces  of  mercury  are  reducible  without  addition 
when  diftilled,  and  afford  only  vital  air  ; but  if  a 
fmall  quantity  of  charcoal  be  mixed  with  the  calx, 
the  product  which  comes  over  is  only  fixed  air, 
and  the  weight  of  the  charcoal  is  diminifhed. 
Secondly,  that  if  well  made  charcoal  be  ignitdd, 
and  plunged  into  a vefl'el  of  vital  air,  and  the 
veil'd  be  inftantly  clofed,  the  charcoal  burns  ra- 
pidly, and  at  laft  goes  out ; the  product  is  fixed 
air,  and  a fmall  quantity  of  vital  air,  which  may 
be  changed  into  fixed  air  by  the  fame  operation. 
The  French  chemifts,  confiderjng  nothing  to  be 

prefent 
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prefent  but  charcoal  and  vital  air,  conclude  that 
fixed  air  is  a combination  of  thefe  two  principles 
held  together  by  lire  ! 

This  gas,  or  air,  is  often  to  be  found  occu- 
pying the  lower  parts  of  mines,  caverns,  tombs, 
needlaries,  and  fuch  other  fubterraneous  places  as 
contain  materials  for  producing  it.  It  is  called 
choke-damp  by  the  miners.  The  grotto  del  cano, 
near  Naples,  has  long  been  famous  for  a mephitic 
vapour,  which  floats  within  a foot  of  the  furface. 
It  is  a cave  in  the  fide  of  a mountain,  near  the  lake 
Agnano,  into  which  if  you  thrup  a dog,  or  any 
other  animal  that  holds  down  it’s  head,  it  is  imme- 
diately killed  by  inhaling  the  noxious  vapour.  It 
x exifbs  in  a Hate  of  limple  mixture  in  mineral 
waters ; in  thefe  it  poffeffes  all  it’s  acid  qua- 
lities. 

It  is  emitted  in  large  quantities  from  bodies  in  a 
Pate  of  vinous  fermentation,  fuch  as  wine,  beer,  &c. 
On  account  of  it’s  great  weight,  fixed  air  occupies 
the  fpace  or  upper  part  of  the  vcfTels  where  the  fer- 
menting procefs  is  going  on.  A variety  of  entertain- 
ingexperiments  maybe  made  in  this  ftratumof  elafiic 
fluid.*  Lighted  paper,  or  a candle  dipped  into  it, 
is  immediately  extinguifhed,  and  the  fmoke  re- 
maining in  the  fixed  air  renders  it’s  furface  vifible, 
which  by  agitation  may  be  thrown  into  weaves,  and 
has  a very  plealing  effedt.  If  a dilh  of  water  be 
immerfed  in  this  air,  and  brifkly  agitated,  it  foon 
becomes  impregnated,  and  obtains  the  lively  tafle 
of  Pyrmont  water.  In  confequencc  of  it’s  weight, 
fixed  air  may  be  dipped  out  in  a pitcher,  or  bottle, 
and  conveyed,  if  well  corked,  to  a great  diPance. 
The  effects  produced  by  pouring  this  i nvifible  fluid 
from  one  veil'd  to  another,  have  a very  lingular  ap- 
pearance. 

* Prieftlcy’s  Experiments  and  Obfervations  on  Air,  vol.  i.p.  44. 

NichoUon’s  Firlt  Principles  ofChcmidry,  p.  178. 
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pcarancc.  If  a candle,  or  fmall  animal,  he  placed 
in  a deep  veffel,  the  former  is  extinguifhed,  and 
the  latter  expires  in  a fecond,  after  the  fixed  air  is 
poured  upon  them ; though  the  eye  is  incapable  of 
perceiving  any  thing  thus  poured  out,  and  pro- 
ducing thefe  effects. 

1 his  air  is  alfo  furnifhed  in  great  abundance 
by  the  refpiration  of  animals,  where  the  vital  air, 
which  has  parted  with  a great  portion  of  it’s  fire 
for  the  lupport  oi  animal  life,  combines  with  a 
carbonnous  fubfrance,  which  is  di  fen  gaged  from 
the  blood  in  the  lungs*  You  have  already  feen 
how  unfit  this  fixed  air  is  for  refpiration.  Hiffory 
informs  us,  that  the  two  Haves,  whom  Tiberius 
caufed  to  defeend  into  the  grotto  del  cano,  werd, 
immediately  Rifled.  Two  criminals,  caufed  to  be 
fhut  in  there  by  Peter  Toledo,  fuffered  the  fame 
fate.  1 he  abbe  Nollet,  who  had  the  courage  to 
refpire  the  air,  perceived  a fuffocating  fenfation,. 
and  a flight  degree  of  acidity,  which  produced 
coughing  and  fneezing.  The  unfortunate  Pilar  re 
dc  Rozier  caufed  himfelf  to  be  let  down  into  the 
gafeous  atmofphere  of  a back  of  beer  in  fermen- 
tation : he  had  fcarce  entered  the  mephitis  before 
flight  prickings  obliged  him  to  Hiut  his  eyes,  a vio- 
lent luffocation  prevented  him  from  refpirino*,  he 
felt  a giddinefs,  accompanied  by  thofe  noifes  which 
characterize  an  apoplexy:  when  he  was  drawn  up, 
his  light  remained  dim  for  fevcral  minutes,  his 
countenance  was  become  purple,  he  neither  heard 
nor  fpokc,  but  with  great  difficulty.  Thefe  fymp- 
toms,  however,  all  difappeared  by  degrees. 

It  is  this  air  which  produces  the  many  un- 
happy accidents  at  the  opening  of  cellars,  in  places 
where  wine,  cyder,  or  beer,  are  fuffered  to  ferment. 
Birds  plunged  into  this  air  fuddenly  perifh.  When 
the  waters  of  Boulidou,  of  Perois,  are  dry,  fueh 

, birds 
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birds  as  attempt  to  quench  their  third  in  the  clefts, 
are  enveloped  in  the  fatal  vapour,  and  die. 

Frogs,  bv  fufpending  their  refpiration,  live 
from  forty  to  fixty  minutes,  when  plunged  in  an 
atmofphere  of  fixed  air.  Infects  are  rendered  tor- 
pid if  they  remain  a long  time  in  this  air,  but 
recover  their  vivacity  as  foon  as  they  are  expofed 
to  the  open  air. 

Fixed  air  is  combined  with  a great  number  of 
fubftances.  It  forms  about  one  third  of  the  weight 
of  lime-ftone,  marble,  calcareous  fpar,  and  other 
natural  fpecimens  of  calcareous  earth,  from  which 
it  may  be  extracted  by  heat,  or  by  any  acid  ftronger 
than  itfelf.  Stronger  acids  expel  more  fixed  air 
than  thofe  that  are  weaker.  I fhall  fhevv  you  how 
to  extricate  this  air  from  fome  marble  grofsly  pow- 
dered, with  which  I lhaLl  fill  about  a fifth  part  of 
this  bottle,  (which  is  furnilhed  with  a ground 
Hopple  and  bent  tube,)  and  then  pour  on  enough 
water  to  cover  the  chalk,  and  add  this  fmall 
quantity  of  oil  of  vitriol,  being  about  a fourth  or 
fifth  part  of  the  water.  I now  pafs  the  extremity 
of  the  tube  through  the  water  into  the  pneumatic 
tub,  fo  that  it  may  remain  under  the  neck  of  this 
receiver,  which  is  filled  with  water;  a fermentation 
immediately  takes  place,  which  is  accompanied 
with  heat,  as  you  will  feel  by  applying  your  hand 
to  the  outlidc  of  the  bottle ; and  the  elaftic  fluid, 
which  is  fixed  air,  is  copioufiy  emitted  from  the 
mixture,  which  palling  through  the  bent  tube, 
and  the  water,  afeends  to  the  top  of  the  receiver; 
in  proportion  as  it  fills  this,  the  water  gradually 
defeends,  and  is  at  laft  quite  expelled.  We  may 
now  remove  our  bent  tube  and  bottle  to  another 
receiver,  and  thus  proceed  till  we  have  obtained  as 
much  fixed  air  as  it  will  turnilh.  I his  air  is  ab- 
forbed  by  water,  but  the  abforption  is  very  flow 
uiileis  the  water  is  agitated,  by  which  means  you 
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/nulciply  the  points  of  contact.  I fhall  put  three 
rneafures  of  hxed  air  into  this  graduated  tube,  and 
then  agitate  it  brifkly  in  the  water  of  our  pneumatid 
tub,  allowing  time  for  the  abforption  to  take  place. 
I now  elevate  the  tube,  and  you  fee  by  the  rife  of 
the  water  therein,  how  much  air  it  has  abforbed. 
Water  in  general,  under  the  common  preffure  of 
the  atmofpnere,  and  at  a low  temperature,  abforbs 
fomewhat  more  than  it’s  bulk  of  fixed  air.  It  ab- 
sorbs more  when  cold  than  when  it  is  heated.  If 
water,  impregnated  with  this  air,  be  placed  on  a 
brifk  fire,  the  rapid  efcape  of  the  aerial  bubbles 
gives  it  the  appearance  of  boiling  water,  when  the 
heat  is  not  greater  than  the  hand  will  bear.  Con- 
gelation feparates  this  air  completely  from  water, 
but  no  degree  of  cold  or  preffure  has  yet  exhibited 
it  in  a hate  of  concentrated  ordenfe  fluidity. 

Water  impregnated  with  this  air,  acquires  a 
pleafant  acidulous  tafte,  and  the  properties  of  Ample 
mineral  waters ; it.  is ' efteemed  a powerful  anti- 
feptic,  and  poflefles  very  valuable  medicinal  qua- 
lities. the  natural  acidulous  mineral  waters  do 
not  differ  from  thefe,  excepting  in  holding  other 
principles  in  folution,  and  they  may  be  perfe&ly 
imitated  when  their  analyfls  is  known.  It  is  abfurd 
to  think  that  art  is  incapable  of  imitating  nature 
in  the  compofition  of  mineral  waters.  The  opera- 
tion is  purely  mechanical,  confiding  of  the  folution 
of  certain  known  principles  in  water  ; we  can  and 
ought  therefore  to  perform  it  fliil  better,  as  we  havt 
the  power  of  varying  the  dofe,  and  proportioning 
the  ftrength  of  any  mineral  water  to  the  purpofe? 
Jo  which  it  is  intended  to  be  applied. 

To  IMPREGNATE  WArTER  WITH  Fl^LD  AlR0 


For  impregnating  fixed  air  with  water.  Dr 

Nooth  s machine  is  trie  moft  effectual  and  conve 
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nient.  It  confills  of  three  glafs  veffels,  (fig. 
pi.  6.)  The  lower  veffel  C contains  the  effer^ 
vefeent  materials ; the  middle  veffel  B is  open, 
both  above  and  below;  it’s  inferior  neck  is  fitted 
by  grinding  into  the  neck  H of  the  lower  vcffel; 
in  the  former  is  a valve;  this  valve  opens  and 
buffers  the  air  to  pafs  ; but  the  water  cannot  return 
through  the  tubes,  partly  becaufe  the  orifice  is 
capillary,  and  partly  becaufe  the  fiat  piece  covers 
the  hole  ; the  middle  veffe}  is  furnifhed  with  a.  cock 
E,  to  draw  off  it’s  contents  ; the  upper  veffel  A is 
fitted,  by  grinding,  into  the  upper  neck  of  the 
middle  veffel ; it’s  inferior  part  confiffs  of  a tube, 
that  paffes,  armoft  as  low  as  the  center  of  the  middle 
veffel;  it's  upper  orifice  is  clofed  by  a gr  und 
ffopper  F.  When  this  apparatus  is  to  be  ufed,  the 
effervefeent  materials  are  put  into  the  lower  veffel, 
the  middle  veffel  is  filled  with  pure  water,  and  put 
in  it’s  place,  and  the  upper  veffel  is  nearly  flopped* 
and  likewife  put  in  it’s  place  ; the  confequence  is, 
that  the  fixed  air,  palling  through  the  valve- at  H, 
afeends  into  the  upper  part  of  the  middle  veffel  B, 
where,  by  it’s  elasticity,  it  re-ads  upon  the  water, 
and  forces  part  up  the  tube  into  the  veilel  A ; part; 
of  the  common  air  in  this  laff  being  compreffed, 
arid  the  reft  efcaping  by  the  ffopper,  which  is  made 
of  a conical  figure,  that  it  may  be  eafily  raifed ; as 
more  fixed  air  is  extricated,  more  w ater  rifes,  till 
at  length  the  water  in  the  middle  veffel  falls  below 
the  lower  orifice  of  the  tube;  fixed  air  then  palfes 
through  the  tube  into  the  upper  veffel,  and  expels 
more  of  the  common  air  by  railing  the  ffopper; 
in  this  lituation,  the  water  in  both  veffels  being  in 
contad  with  a body  of  fixed  air,  after  a certain 
time  becomes  ffrongly  impregnated  with  that  fluid. 
This  effect  may  be  haftened  by  taking  off  the  mid- 
dle and  upper  veffels  together,  and  agitating 

The 
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The  water,  thus  impregnated,  has  acquired 
acid  properties  ; for  it  will  change  the  blue  infufion 
of  turnfole  red  : nay,  if  a weak  fokition  thereof  be 
only  expofed  to  fixed  air,  it  acquires  a peddilh 
tint. 

This  air,  and  the  water  impregnated  therewith, 
precipitates  lime  from  lime-water:  to  prove  this 
to  you,  I (hall  mix  a little  of  this  lime-water  with 
fome  fixed  air;  you  fee  the  water  affumes  a milky 
appearance,  and  the  lime  is  precipitated.  The  fame 
effect  would  take  place  if  I was  to  pour  upon  the 
lime-water  fome  water  impregnated  with  fixed 
air. 

Lime  combined  with  this  air,  forms  chalk 

% . 4 . . , ; 

which  is  not  foluble  in  water,  but  is  precipitated 
thereby ; lime-water  is  therefore  a teft  for  to  dif- 
cover  this  air.  It  was  Dr.  Black  who  firft  fhewed 
that  the  caufticity,  fharpnefs,  and  folubility  in 
water  of  calcareous  earths,  was  owing  to  their 
being  deprived  of  fixed  air;  and  that  when  they 
were  combined  with  a proper  quantity  thereof,  they 
were  mild  > the  dobtor  giving  them  the  name  of 
mild  when  they  were  combined  with  fixed  air,  and 
of  caufiic  when  deprived  of  it. 

Lime-water  is  precipitated  by  the  vapour 
emitted  by  arpmals  in  refpiration. 

Fixed  air  combines  with  alkalies.  It  neutra- 
lizes both  fixed  and  volatile  alkalies,  not  only 
deftroys  their  acidity,  but  gives  them  manifeftly  an 
acid  tafte,  and  enables  them  to  form  cryffqls  of  a 
neutral  or  acidulous  fait. 

Some  writers  affert,  that  this  air  refills  putri- 
faclion,  abforbing  the  putrid  effluvia  emitted  from 
bodies.  It  is,  however,  improper  for  vegetation. 
Dr.  Prieftley,  having  kept  the  roots  of  feveral 
plants  in  water  impregnated  with  this  acid,  obferved 
that  they  all  perifhed ; and  in  thofe  inftances  where 
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plants  vegetate  in  water,  or  in  air  which  contains 
this  gas,  the  quantity  of  gas  is  very  fmall.  Mr, 
Senebier  has  obferved,  that  plants,  fu tiered  to  grow 
in  water  flightiy  acidulated  with  this  gas,  emit  a 
larger  quantity  of  vital  air.  Mr.  Chaptal  fays,  that 
the  fungi  which  are  formed  in  fubterraneous  mines, 
are  almoft  totally  refclved  into  fixed  air;  but 
if  thefe  vegetables  be  gradually  expofed  to  the 
affirm  of  light,  the  proportion  of  acid  diminilhes, 
v hile  that  of  the  coaly  principle  augments,  and 
the  vegetable  becomes  coloured. 

By  paffing  the  electric  fpark  through  fixed 
air,  confined  by  mercury,  the  volume  of  air  is  aug- 
mented about  one  twenty-fourth  part,  and  of  this 
three  fifths  will  be  abforbed  by  a fpiution  of  cauftic 
alkali,  and  the  remainder  is  inflammable.  Many 
attempts  have  been  made  to  explain  this  faff,  but 
they  are  too  unfat isfaftory  for  relation. 

Fixed  air  is  heavier  than  common  air.  Ac- 
cording to  Mr.  Kirwan,  fixed  air  is  to  common 
air  as  45.69  to  68.74;  according  to  Mr.  Lavoifier, 
as  48.81  to  69.50. 

As  a knowledge  of  the  nature  of  this  air  is 
highly  neceffary,  in  accounting  for  a variety  of 
phenomena,  I ihall  lay  before  you  a fummary  of  it’s 
properties,  to  impreis  more  ffrongly  what  I have 
already  mentioned  to  you.  1.  It  has  added  one 
more  to  the  number  of  acids.  2.  When  calcareous 
alkalies  and  magnefia,  in  their  ufual  hate,  are  mixecj 
with  acids,  an  ellervefcence  takes  place,  and  fixed 
air  is  difengaged  from  them.  3*  L ^ auFed  a 

dihindtion  to  be  made  of  all  alkaline  matter  into 
two  hates  ; the  hate  of  purity  or  caujlicity , and  the 
mild  hate,  having  the  property  of  ehervefcence. 
Alkalies,  both  fixed  and  volatile,  become  more 
crauhic  and  more  powerful  fo-lvents,  when  de- 
lved of  their  fixed  air;  they  are  then  alfo  inca^ 


Nature  and  Properties  of  Elastic  Fluids.  4^' 

pableofcryftallization,  and  effervefcing  with  acids» 
The  calcareous  earths  which  areinfoluble  in  water, 
when  deprived  of  their  fixed  air,  are  folublc  therein; 
thus  lime-ftone  is  not  folublc  in  water,  but  lime, 
that  is,  lime-ftone  deprived  of  it’s  fixed  air,  is 
foluble  in  water.  It  has  thus  removed  from  che- 
miftry  the  difficulties  it  was  under  in  accounting 
for  the  differences  between  the  mild  and  cauftic 
ftate  of  lime  and  alkalies,  and  their  effervefcence 
with  acids  in  the  one,  but  not  in  the  other:  by 
pointing  out  this  effect*  Dr.  Black*  of  Edinburgh, 
has  been  of  the  utmoft  benefit  to  fcience*  and  now 
reaps  the  reward  arifing  from  well-deferved  and 
univerfal  fame.  4.  It  gives  the  firft  inftance  of  an 
acid  which  prefeh  lime  to  fixed  alkalies.  5.  It 
has  explained  the  nature  of  mephitic  caverns. 
6.  It  has  rendered  the  analyfis  of  waters  more  per- 
fect, particularly  fuck  as  are  called  gafeous,  aci- 
dulous, and  fpirituous;  and  we  have  fucceeded  in 
imitating  of  them.  7.  It  has  thrown  great  light 
on  the  folution  of  iron  in  many  waters,  and  on  the 
means  of  procuring  martial  waters  limilar  to  thofe 
in  nature.  Laftly,  it  has  opened  a new  field  to  the 
refearches  of  chemifts  and  natural  philosophers. 
Indeed  every  object  in  nature  affords  occafion  for 
philofophicai  experiment,  and  every  experiment 
which  is  made*  even  with  an  exprefs  view  to  any 
particular  investigation,  incidentally  fuggefts  mat- 
ter for  new  inquiry.  There  is  not  an  animal  or  a 
Vegetable  fubftance  that  we  feed  on,  nor  a faline 
fubftance  that  we  tafte,  nor  a beverage  that  we 
'drink,  nor  the  air  we  breathe,  nor  a metal  that  we 
handle,  nor  a ftone  we  tread  upon,  but  what  may 
■furnifh  matter  lor  an  infinity  oi  experiments.  It 
•is  by  experiments  that  natural  philofophers  explore 
Secondary  caufes,  which  are  fteps  that  ought  to  leid 
the  mind  of  man  from  earth  to  heaven;  for  the 
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more  diftindUy  you  apprehend  the  number  and 
connedtion  of  the  fecondary  caufes  operating  in  this 
little  fyftem  which  is  fubmitted  to  your  view,  the 
more  certainly  you  will  perceive  the  neceffity  of 
theirultimately  depending;  like  the  linksof  Homer’s 
Chain,  on  a first.* 

i * 

* Watfon’s  Chemical  EfTayS)  vol.  iv.  p.  354. 
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LECTURE  XI. 

Of  Inflammable  Air. 

fT1HIS  air  is  found  ready  formed  in  marfhes, 
X ditches,  and  over  the  furface  of  putrid  waters,, 
in  burying-places,  in  houfes  of  office,  and  in  iitu- 
ations  where  putrid  animal  and  vegetable  matters 
are  accumulated  ; it  may  alfo  be  extracted  from 
the  waters  of' moff  rivers  and  lakes,  efpecially  thofe 
in  which  great  quantities  of  fermenting  and  putri- 
fying  matters  are  thrown-*  Dr.  Franklin  fays,  that 
in  warm  countries,  if  the  mud  at  the  bottom  of 
a pond  be  well  ftirred,  and  a lighted  candle  be 
brought  immediately  after  near  the  furface  of  the 
water,  a flame  will  inffantly  fpread  a confiderable 
way  over  the  water,  affording  a very  curious  fpec- 
racle  in  the  night  time.  Mr.  Cavaflo  aflfures  us, 
that  it  may  be  plentifully  procured  from  moff  of 
the  ponds  round  London : to  do  this,  fill  a wide- 
mouthed bottle  with  the  water  of  the  pond,  and 
keep  it  inverted  therein,  then  with  a flick  ftir  the 
mud  at  the  bottom  ot  the  pond,  juft  under  the 
•inverted  bottle,  fo  as  to  let  the  bubbles  of  air  which 
proceed  therefrom  enter  into  the  bottle ; this  air 
•is  inflammable.  When  by  thus  flirting  the  mud 
in  various  places.,  and  catching  the  air  in  the  bottle, 
you  have  filled  it,  you  muff  put  a cork  in  the 
•bottle,  whiHl  the  mouth  is  under  water,  and  you 
may  then  take  it  home  to  examine  the  contents  at 
■Jeifure.  There  are  many  in  (lances  recorded,  of  a 
vapour  ifliiing  from  the  flomach  of  dead  pcifons, 
which  took  lire  on  the  approach  of  a candle;  and 
f ach  air  is  probably  often  generated  in  the  intcl- 
tincs  qf  living  animals,  it  is  found  in  mines  in 
■fuch  quantities  as  to  produce  the  molt  dreadful 

I i 4 effects.. 


488  Lectures  on  Natural  Philosophy, 

effects.  Being  lighter  than  common  air,  it  always 
fifes  to  the  top  of  thofe  places  where  it  is  generated** 
fo  that  it  cannot  be  confined  except  in  fome  vaulted 
place.  By  itfelf  it  is  very  noxious,  and  will  in- 
fhmtly  pur  an  end  to  animal  life  ; but  when  mixed 
with  atmofpherical  air,  may  be  breathed  in  much 
greater  quantity  than  fixed  air ; it’s  great  inflam- 
mability ip  this  flate,  however,  renders  it  very 
dangerous  to  bring  any  lights  in  thofe  places  where 
it  abounds ; it  does  hot  inflame  unlefs  mixed  with 
atmofpherical  or  with  vital  air,  for  pure  inflam- 
mable air.  extinguifhes  flame  as  effedually  as  fixed 
or  phlogifiicated  air ; the  explofion  is  more  vio- 
lent, and  the  flame  more  brilliant,  when  it  is 
mixed  with  vital  than  with  atrhofphefical  air. 

Inflammable  air  may  be  obtained  in  great 
purity  by  decompofing  water,  which  is  always  £ 
conftituent  part  thereof.  The  French  writers  term 
it  hydrogene , that  is,  generator  of  water . 

Inflammable  air  may  always  be  obtained  frorri 
water  by  fubjeding  water  to  the  action  of  a fub- 
fiance  with  which  vital  air  hits  a greater  affinity 
than  it  has  to  inflammable  air  : by  this  means  the 
inflammable  air  is  fet  free.  Red-hot  iron  is  often 
employed  for  this  purpofe ; the  iron  during  this 
procefs  is  calcined,  and  is  changed  into  a fubftance 
refembling  the  iron  ore  from  the  ifland  of  Elba  ; 
in  this  ftate  of  calx  it  is  much  lefs  attradible  by 
the  magnet,  and  diffolveS  in  acids  without  effer- 

vefcence.  > 

Charcoal,  in  a red  heat,  has  the  fame  power 
of  decompofing  water ; in  this  procefs  fixed  air  is 
formed  and  mixed  with  the  inflammable  gas,  but 
is  eafily  feparated  by  means  of  water  or  alkalies, 
which  abforb  the  fixed  air,  and  leave  the  inflam- 
jmable  pure.  Inflammable  air  may  alfo  be  obtained 
by  diflolving  iron  or  zinc  in  weak  oil  ot  vitriol; 
thefe  two  metals  decompofe  water  but  very  flowly. 
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and  with  great  difficulty,  when  alone,  but  do  it 
with  great  eafe  and  rapidity  when  affified  by  the 
vitriolic  acid. 

I put  fome  iron-filings  into  this  bottle*  which 
is  fimilar  to  that  we  ufcd  in  making  fixed  air,  and 
then  cover  them  with  oil  of  vitriol,  which  I have 
diluted  with  water;  a fermentation  cnfues,  accom- 
panied with  heat ; having  let  the  common  air  efcape 
from  the  bottle,  I {hall  now  put  in  the  ground 
Hopple  and  bent  tube,  and  pafs  the  end  of  the  tube 
into  this  bottle  filled  with  water  Handing  on 
the  fhelf  of  our  pneumatic  apparatus,  and  you  will 
foon  fee  it  filled  with  a fluid,  which,  on  examina- 
tion, you  will  find  to  be  inflammable  air. 

If  you  heat  an  iron  tube,  kept  red-hot  in  the 
furnace,  the  bent  end  of  the  tube  being  introduced 
under  one  of  the  receivers  of  the  pneumatic  appa- 
ratus, and  then  let  water  pafs  through  the  tube  by 
Angle  drops,  an  aerial  fluid  will  be  difengaged, 
which,  on  trial,  you  will  find  to  be  inflammable 
air.  As  this  experiment  has  been  made  by  Mr. 
Lavoifier  in  the  mbfi  dccifive  manner,  and  as  it  is 
the  foundation  of  a new  theory  in  chemiflry,  I fhall 
endeavour  to  give  you  an  accurate  idea  of  the 
method  ufed  by  Mr,  Lavoifier  and  his  aflociates. 
A gun-barrel  was  taken,  into  which  was  introduced 
'a  quantity  of  thick  iron  wire  flattened  by  hammer- 
ing. The  gun-barrel  and  the  flattened  iron  were 
weighed  with  the  moH  fcrupulous  exadtnefs,  after 
which  the  gun-barrel  was  covered  with  a lute,  for 
the  purpofe  of  fecuring  it  from  the  immediate  con- 
tact of  the  fire.  It  was  then  placed  in  a furnace 
with  fuch  a degree  of  inclination  that  water  would 
run  through  it.  To  the  higher  extremity  was 
adapted  a funnel  to  contain  water,  which  was 
fullered  to  efcape  drop  by  drop,  by  means  of  a 
cock  : the  funnel  was  clofed,  to  prevent  any  of  the 

water 
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water  from  evaporating.  To  the  inferior  extre- 
mity of  this  gun-barrel  was  luted  a tubelated  re- 
ceiver, to  receive  the  water  which  fhould  efcape 
decompofition.  Laftly,  to  the  tube  of  the  receiver 
was  fitted  another  tube,  to  convey  the  inflammable 
air  to  the  pneumatic  apparatus. 

As  a further  precaution,  a vacuum  was  made 
in  every  part  of  the  apparatus,  in  order  that  the 
inflammable  air  might  not  be  mixed  with  common 
air.  Laftly,  when  all  thefe  preparations  were 
completed,  the  gun-barrel  was  made  red-hot,  and 
the  water  introduced  drop  by  drop  ; an  enormous 
quantity  of  inflammable  air  was  difengaged  during 
the  courfe  of  the  experiment;  when  it  was  finifhed, 
the  gun-barrel  was  cleared  of  it’s  lute,  and  being 
weighed,  was  found  to  have  acquired  a confiderable 
augmentation  of  weight:  this  augmentation  of  weight 
added,  to  the  inflammable  air  obtained , gave  a total 
very  exactly  equal  to  that  of  the  water  which  had 
■dif appeared.  The  flat  pieces  of  iron  that  had  been 
introduced  into  the  gun-barrel,  and  likewife  the 
interior  part  of  the  gun-barrel  itfelf,  were  con- 
verted into  a thick  ftratum  of  black  calx  of  iron, 
or  martial  ethiops,  crvftallized  like  the  iron  ore  of 
Llba.  The  chemical  analyfts  of  this  fubftancc 
.proved,  that  the  iron  was  reduced  exadly  to  the 
fame  date  as  that  which  had  been  burned  in  vital 
•air. 

Meflrs.  Lavoifter,  &c.  were  deftrous  of  forming 
water  again  with  the  fame  inflammable  gas  which 
had  been  obtained.  It  was  burned  in  a proper 
■apparatus,  with  a quantity  of  vital  air  equal  to  that 
which  had  been  retained  by  the  gun-barrel,  and  the 
fame  quantity  of  water  was  reproduced  with  fuffi- 
cient  exadnefs ; it  amounted  to  fomewhat  more 
•than  fix  ounces.  This  double  experiment  is  con- 
sidered, by  Mr.  Lavoifter,  as  a clear  proof  of  the 

poftibility 
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pofiibil ity  of  decompofing  and  recompofing  water, 
and  of  it’s  refolution  into  oxigene  and  hydro- 
gene. 

Inftead,  however,  of  aflcrting  from  hence  that 
water  is  formed  by  the  combination  of  the  two 
gaffes,  it  would  be  more  philofophical,  as  nearer 
'the  fact  itfelfy  to  fay,  that  the  water  obtained  in 
this  experiment  arifes  from  the  mutual  decompo- 
fit  ion  of  thefe  two  galfes,  of  which  it  probably 
forms  the  ponderable  part. 

Jrhilofoph  ers  are  agreed  in  allowing  that  water 
is  the  fenfible  ponderable  product  of  the  foregoing 
experiment;  and  the  queltion  between  them  is, 
whether  this  water  is  formed  by  the  union  of  the 
ponderable  bafes  of  thefe  fluids,  or  whether  thefe 
bafes  a’re  not  water  itfelf,  and  which  is  therefore 
not  produced ; only  liberated , in  this  experiment. 
By  afferting  that  it  is  formed,  the  French  writers 
have  turned  a faff  into  an  hypothecs* 

Nothing  indeed  could  be  more  convenient  for 
the  antiphlogiflic  chemifts,  than  their  ideas  of  the 
compolition  of  water;  for  as  this  fluid  exilts,  more 
or  lefs,  in  almoft  all  bodies,  and  in  almoft  every 
chemical  operation,  and  as  it  is,  according  to  their 
theory,  fuppofed  to  contain  an  inflammable  princi- 
ple, nothing  could  be  more  eafy  to  account  for  all 
the  phenomena  before  imputed  to  phlogiflon>  than 
by  fubftituting  for  this  old  inflammable  principle 
the  new  inflammable  principle  ot  water.  "I  he  doc- 
trine of  the  compolition  and  decompolition  of  water 
has  accordingly  been  the  univerfal  Edipus  that  un- 
locks all  the  myfteries  of  chemiftry ; the  can  fa  fine 
qua  non  of  the  French  fchool,  * a fchool  in  which 
hypothefes  are  continually  taken  tor  granted  as  af- 
ccrtained  truths,  and  in  which  opinions,  that  in  4 

conj  edtural 

* Keir’s  Di&ionary  of  Chemillry,  iirft  part,  Preface,  p.  7 
Piftionary,  p.  207. 
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conje&ural  fyffem  art  proper  objects  of  difcufliorfi 
are  admitted  as  facts  and  demonftrated  truths. 

It  has  tiften  been  objected  to  the  phlogiftic 
theory,  that  phlogifton  was  merely  a being  of  hy- 
pothecs, while  the  French  fchool  boaft  that  their 
theory,  if  it  can  be  fo  called,  is  nothing  but  art 
expofitio'n  of  faffs.  You  will  find,  on  invefiigation, 
that  their  theory  is  at  leaf!:  as  full  of  hypothelis  as 
that  which  they  oppofe.  Thus  their  carbonne  and 
hydrogene  are  not  fubftances  which  have  ever  been 
exhibited  to  our  fenfes,  or  inferred  by  any  certain 
induction; 

Their  carbonne  is  fuppofed  to  be  the  remaining 
part  of  charcoal  after  it  has  been  divefied  of  earth 
and  fixed  fiilts.  It  neverthelefs  is  fuppofed  to  re- 
tain the  peculiar  properties  of  charcoal  in  forming 
fixed  air  when  united  with  vital  air.  But  what 
faCt  afeertains  the  exiftence  of  fuch  a being,  or  it’s 
poffibility  of  forming  fixed  air,  when  deprived  of 
all  it’s  earth  and  falts  ? Of  their  hydrogene  we  have 


already  fpokefi. 

The  great  quantity  of  inflammable  air  pro- 
duced in  warm  climates,  has  made  fome  conjecture 
that  it  may  have  a eonfiderable  fhare  in  producing 
certain  atmofpherical  meteors.  The  weak  light- 
nings, without  any  explofions  in  the  atmofphere, 
are  by  them  conjeClured  to  proceed  from  inflam- 
mable air  fired  by  elec* ric  explofions.  M.  Volta 
luppofes,  that  the  ignes  fatui  are  occafioned  by  the 
inflammable  air,  which  proceeds  from  marfhy 
grounds ; but  thefe  phenomena  may  be  better  ac- 
counted for  by  the  aCtion  of  the  eleCtric  fluid 

alone.  . r 

This  gas  is  more  common  than  any  other  oi 

the  noxious  airs,  for  there  is  hardly  any  inflamma- 
ble fubftance  from  which  it  may  not  be  extiaCtcd* 

The  fluids,  however,  which  go  by  the  name  of  in- 
flammable 
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flammable  air,  have  often  no  other  property  in 
common  but  inflammability,  and  being  lighter  than 
common  air.  The  fmell,  weight,  power  of  burn- 
ing, of  preferving  their  properties,  and  the  phe- 
nomena attending  their  combuftion,  differ  very 
much,  fonie  burning  in  an  explolive  manner, 
others  quietly  with  a lambent  flame. 

There  is  a diftindtion  necefiary  to  be  made 
between  an  inflammable  elaftic  fluid,  and  that 
which  is  made  by  combining  an  inflammable  fub- 
fbince  with  common  air.  Thus,  a drop  of  ether 
put  into  a quantity  of  common  air  mixes  itfeif 
w ith  it,  and  takes  fire  on  the  approach  of  flame 
like  inflammable  air;  but  if  waffled  with  water, 
the  ether  is  immediately  feparated  from  the  air. 
Common  air  becomes  alfo  inflammable  by  being 
tranfmitted  through  feveral  eflential  oils,  and  thus 
air  contiguous  to  the  plant,  called  fraxinella,  be- 
comes inflammable  in  calm  hot  weather,  by  the 
emiflion  of  it’s  inflammable  air.  Inflammable  air 

' - * . r 

is  often  mixed  with  other  fubfbmces,  which  it 
holds  in  diilolution,  and  which  conffitute  five 
varieties,  viz.  hepatic  gas,  phofphoric  gas,  me- 
phitized  inflammable  gas,  cretaceous  inflammar 
ble  gas,  carbonaceous  inflammable  gas. 

Of  Pure  Inflammable  Air. 

This  air  has  a very  difagreeable  fmell,  which 
it  even  retains  when  mixed  with  a large  quantity 
of  common  air : you  reinember  when  I made 
feme  juft  now,  it  filled  the  whole  room  with 
it’s  offensive  ftnell,  which  is  not  even  yet  dif- 
ftpated. 

It  gives  no  figns  of  acidity,  it  does  not  pre- 
cipitate lime  from  lime-water,  nor  change  the  co- 
lour- of  turnfoie ; when  it  is  very  pure,  you  may 
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cafily  prefcrve  it  in  bottles  that  are  well  corked, 
and  that  though  there  ihould  be  water  in  the  bot- 
tles, for  it  is  not  foluble  in  water. 

Inflammable  air  is  not  proper  for  refpiration. 
Birds  fucceflively  placed  in  a veil'd  filled  there- 
with died,  w ithout  producing  the  fmalleft  percep- 
tible change  in  the  gas  itfelf.  Mr.  Chaptal  found 
that  frogs,  in  forty  inches  of  inflammable  air,  died 
in  the  fpace  of  three  hours  and  a half,  while  others 
iived  fifty-five  hours  in  vital  and  atmofpheric  air ; 
when  taken  out  they  were  (till  alive,  the  air  was 
neither  vitiated  nor  diminifhed.  From  a variety 
of  experiments,  he  found  that  thefe  animals  have 
the  faculty  of  flopping  their  refpiration,  when 
placed  in  any  noxious  gas,  to  fuch  a degree,  that 
they  only  infpire  once  or  twice,  and  afterwards 
fufpend  every  function  on  the  part  of  the  refpira^ 
tory  organ. 

This  gas  does  not  appear  to  be  changed  by 
the  human  refpiration,  arid  M.  Chaptal  thence  in- 
fers that  it  is  not  refpirable  ; for  if  it  were,  it 
would  fufler  a change  in  the  lungs,  the  objedf  of 
refpiration  not  being  confined  merely  to  the  re- 
ception and  emiflion  of  a fluid.  It’s  fundlions  are 
more  noble,  more  interefling,  and  more  intimate- 
ly conne&cd  with  the  animal  oeconomy.  We  fhould 
confidef  threm  as  an  organ  nourifhed  by  the  air* 
digefting  that  part  which  is  prefented  to  it,  re- 
taining the  beneficial,  and  rejecting  the  noxious, 
part.  Inflammable  air  may,  indeed,  be  refpired 
feveral  fucceflive  times  without  danger  to  the  in- 
dividual, or  without  any  change  or  alteration  in 
itfelf : we  may  conclude  from  thence,  that  inflam- 
mable air  is  not  poifon ; but  we  cannot  infer  fron> 
thence,  that  ;t  is  proper  for  refpiration. 

Inflammable  air  is  not  combuflible  alone,  it 
does  not  inflame  without  the  concurrence  of  vital 
air.  I fhall  take  this  veil'd,  which  is  filled  witty 

inflammably 
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inflammable  air,  from  our  pneumatic  apparatus, 
placing  my  thumb  on  the  mouth  thereof  to  pre-t 
vent  the  air  from  efeaping;  I fhall  prefcnt  the 
mouth  to  the  flame  qf  this  candle,  which  imme- 
diately inflames  the  air  at  the  furface,  and  the 
flame  gradually  defeends  lower  and  lower  to  about 
the  middle  of  the  bottle ; but  it  burns  only  while 
in  contact  with  the  air;  for  the  moment  I clofe 
the.  bottle  the  flame  goes  out.  Here  is  another 
bottle  filled  with  this  air,  1 prefent  a lighted  ta- 
per thereto,  and  the  furface  is  inflamed ; I plunge 
it  lower,  and  it  is  immediately  extinguifhed.  Even 
the  moft  inflammable  bodies,  fuch  as  phofphorus,  . 
do  not  burn  in  an  atmofphere  of  inflammable  air. 
It’s  inflammation  is,  however,  more  rapid  in  pro- 
portion to  the  furface  expofed  to  the  air. 

Here  is  a final  1 piflol,  in  which  I fhall  mix 
inflammable  and  common  air,  then  flop  the  mouth 
with  a cork,  and  fire  the  air  by  a fpark  from  our 
electrical  machine.  You  obferved  how  loud  the 
noife  Gf  the  exploiion,  and  you  fee  with  what  force 
it  has  driven  out  the  cork.  It  mu  ft  needs  appear 
lingular  to  you  to  fee  a piflol  charged  and  exploded 
by  the  combuflion  of  an  invijible  fubftance. 

The  neck  of  this  bladder  is  tied  to  a metal 
pipe,  the  bladder  is  filled  with  inflammable  air; 

I lhall  inflame  the  air  by  applying  the  flame  of  a 
candle  to  the  extremity  of  the  pipe,  fqueezing  at 
the  fame  time  the  bladder;  thus  a beautiful  flream 
of  fire  is  formed  in  the  air,  which  will  laft  as  long 
£3  I force  out  the  inflammable  air.  You  muft  be 
careful,  in  repeating  this  experiment,  to  keep 
continually  prefling  the  bladder,  to  prevent  the 
entrance  of  atmofpheric  air,  by  which  that  with- 
in the  bladder  would  explode  with  violence,  and 
burft  the  bladder  to  pieces. 

On  this  principle  artificial  fireworks  have 
been  conflructed,  without  fmoke  and  without 

noife, 
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poile,  by  filling  the  bladder  with  this  air,  and  forc- 
ing the  air  through  tubes  bent  ip.  various  direc- 
tions, furnifhed  with  flop-cocks,  and  pierced  with 
a great  number  of  holes;  the  air  is  forced  through 
thefe  holes  by  pr effing  the  bladders,  and  is  inflam- 
ed by  a taper,  and  continues  to  burn  as  long  as 
you  prefs  the  bladders,  or  till  you  turn  the  flop- 
cocks.  Mr.  Dillicr  exhibited  feme  very  beauti- 
ful fireworks  of  this  kind,  at  London,  of  different 
figures  and  colours.  The  colour  varying  with 
the  mixture,  one  third  of  the  air  of  the  lungs  mixed 
with  the  inflammable  air  of  pit-coal,  gives  a blue 
coloured  flame ; inflammable  mixed  with  nitrous 
air,  affords  a green  cplour;  the  vapour  of  ether 
affords  a white  flame. 

Inflammable  air  is  lighter  than  common  air; 
a cubic  foot  of  atmofpheric  air  weighs  720  grains, 
a cubic  foot  of  inflammable  air  72  grains.  The 
barometer  being  at  23.3,  and  the  thermometer 
at  60,  the  weight  of  this  air,  to  that  of  com- 
mon air,  was  found  as  841.0  1000;  confequently 
it  is  about  twelve  times  as  light.  It’s  fpecific 
gravity  varies  very  much,  becaufe  it  is  difficult: 
to  obtain  it  conflantly  of  the  fame  degree  of  pu- 
rity. The  theory  of  baHoons,  or  aeroflatic  ma- 
chines, is  founded  pn  the  levity  of  inflammable 
&ir.  It  is  Sufficient  that  the  weight  of  the  balloon 
itfelf,  and  the  air  it  inclofes,  fliould  be  lighter 
than  an  equal  bulk  of  common  air,  and  it  mud 
rife  till  it’s  weight  is  in  equilibrio  with  an  equal 
volume  of  the  furrounding  medium. 


Of  Hepatic  Air. 

<•  . v ■ f • » 

* * 

■Inflammable  air  poffeffes  the  property  of  difr 
folving  fulphur,  in  which  cafe  it  contracts  a very 
foetid  fmell,  and  forms  hepatic  air. 

Mr.  Gengembre  put  fulphur  into  inverted 
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veffels  filled  with  inflammable  air,  and  diflolved 
it  by  means  of  a burning- glafs,  and  found  it  pof- 
fefled  all  the  diftindive  characters  of  hepatic  air. 
It  is  generally  obtained  from  liver  of  fulphur,  or 
folid  hepars,  decompofed  by  means  of  acids  in  the 
pneumatic  apparatus ; it  is  extricated  in  vafl 
quantities,  by  pouring  marine  acid  on  hepar  ful- 
phuris.  If  inflammable  air  be  palled  through  melt- 
ed fulphur,  it  is  converted  into  hepatic  air.  The 
formation  of  this  gas  is  generally  effected  by  a 
decompofition  of  water.  In  fad,  livers  of  ful- 
phur do  not  emit  any  difagreeable  fmell  while  they 
are  dry ; but  the  moment  they  are  moiftened,  an 
abominable  fmell  is  perceived,  and  vitriolated  tar- 
tar begins  to  be  formed.  I hefe  phenomena  fhew 
that  the  water  is  decompofed ; that  the  inflam- 
mable air  unites  to  the  fulphur,  and  together  with 
fire  volatilizes  it,  while  the  vital  air  unites  with 
the  alkali,  and  forms  a more  fixed  produd. 

It  is  not  ft  for  refpiration,  and  turns  the 
fyrup  of  violets  green.  If  pure  air  be  mixed  with 
it,  the  oxigene  thereof  combines  with  the  hydro- 
gene, and  precipitates  the  fulphur;  for  the  fame 
rcafon  it  is  decompofed  by  the  fmoking;  the  ful- 
phureous  acid. 

It  takes  fire  by  the  contad  of  inflamed  bo- 
dies, or  by  the  eledric  fpark,  and  burns  with  a 
reddifh  blue  flame,  depofiting  fulphur  at  the  fame 
time  on  the  fdes  of  the  veflel.  It  detonates  when 
fet  on  fire  in  vital  air;  it  is  very  foluble  in  W’ater, 
which  it  converts  into  a ffate  perfedly  refemblinc* 
that  of  the  fulphureous  mineral  fprings  ; it  is  pro- 
bable, therefore,  that  it  is  this  gas  which  im- 
pregnates fulphureous  w atcr  ; it’s  great  attradion 
for  fomc  metals,  and  their  calces,  makes  it  the 
bafes  of  fome  fympathetic  inks.  It’s  fpecific  gra- 
vity, compared  to  that  of  atmofpheric  air,  is  as 
1106  to  1000. 

Vol.  I.  Kk 
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Phosphoric  Air, 

This  is  inflammable  air,  in  which  pbofpho- 
rus  has  been  diflolved.  It  was  obtained  by  Mr. 
Gengembre,  by  boiling  a folution  of  cauflic  vege- 
table alkali,  with  half  it’s  weight  of  phofphorus, 
and  receiving  the  elaftic  fluid,  which  was  difen- 
gaged  under  glafs  vcifiels  filled  with  mercury.  It 
cannot  be  collected  in  water,  being  very  foluble 
therein.  It  has  a very  foetid  fmell,  and  is  unfit 
for  refpiration. 

It  takes  fire  fpontaneoujly  by  the  contad:  of 
air,  accompanied  with  an  explofion,  which  may 
prove  dangerous,  if  you  prefent  too  large  a quan- 
tity of  air  at  once.  When  vital  air  is  mixed  with 
this  gas,  it  burns  with  great  rapidity,  producing 
a great  degree  of  heat,  which  dilates  the  receivers 
fo  much,  that  they  are  fometimes  fhattered  to 
pieces.  As  this  phofphorus  takes  fire  on  contact 
with  the  air,  it  communicates  it’s  combuftion  to 
the  inflammable  air. 

It  is  probably  to  a difengagement  of  a gas  of 
this  kind,  that  we  may  attribute  the  ignes  fatui, 
which  play  about  burying  grounds,  and  in  general 
all  places  where  animals  are  buried  and  putrify.  It 
is  to  a fimilar  gas  that  we  may  refer  the  inflamma- 
ble air,  which  conftantly  burns  in  certain  places* 
and  upon  the  furface  of  certain  cold  fprings. 

Inflammable  Carbonic  Gas. 

It  is  now  fuppofed,  that  charcoal,  though  fixed 
in  clofed  veffels,  and  in  our  ordinary  fires,  con- 
tains a carbonaceous  principle,  denominated  by 
the  French  writers  carbonne,  which  may  be  re- 
duced into  vapours  by  a great  degree  oi  heat ; and 
that  it  is  foluble  by  aeriform  fluids,  more  particu- 
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larly  by  inflammable  air,  which  often  combines 
with  it  when  afluming  the  aerial  Fate. 

This  air  is  difengaged,  when  cad  iron  or 
fteel  is  diffolved  in  fpirit  of  vitriol.  Charcoal 
may  be  diflblved  in  this  gas  by  a burning-glafs, 
when  the  gas  is  in  the  mercurial  part  of  the 
pneumatic  apparatus ; though  this  modifies  it’s 
effedts,  and  alters  the  refill ts  of  it’s  combina- 
tions ; it  burns  with  a blue  flame,  throwing  out 
white  or  reddifh  fparkles. 

Mr.  Berthollet  fufpedts,  that  a mixed  gas 
formed  by  a folution  of  charcoal  in  mephitis,  is 
the  colouring  matter  of  the  Prujfian  blue . 

Cretaceous  Inflammable  Air. 

This  is  the  mixture  of  inflammable  and  fixed 
air,  but  without  combination.  It  is  obtained 
by  diftillation  from  many  vegetable  matters, 
from  tartar,  from  all  the  tartarous  falts;  from 
hard  woods,  or  charcoal,  which  is  burned,  by  the 
affifiance  of  water,  from  pitcoal,  &c.  It  burns 
with  difficulty ; but  though  three-fourths  of  it’s 
bulk  be  formed  of  fixed  air,  it  ffill  remains  com- 
buftible. 

The  inflammable  may  be  feparated  from  the 
fixed  air,  by  means  of  lime-water,  or  caufiic  al- 
kali, with  which  the  fixed  air  combines. 

Inflammable  Air  from  Marshes. 

This  is  inflammable  air  mixed  with  phlogifii- 
cated  air.  It  is  produced  by  the  putrifadtion  of  many 
vegetables,  and  of  almoft  all  animal  fubfiances.  lc 
is  difengaged  from  Handing  waters,  and  ail  places 
w;here  animals  putrify  in  water.  It  accompanies, 
precedes,  or  follows  the  formation  of  the  vola- 
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tile  alkali,  which  takes  place  in  putrifaftion.  It 
is  a liinple  mixture  without  combination.  It  burns 
with  a blue  flame ; it  detonates,  but  with  diffi- 
culty, in  vital  air.  After  detonation,  in  Mr. 
Volta’s  Eudiometer,  fome  drops  of  water  are 
found,  and  a rcfldue  of  phlogifticated  air,  more 
or  lefs  pure. 


Muriatic  Acid  Gas. 

This  air  is  not  found  exifting,  or  ready  form- 
ed in  nature  ; but  is  an  artificial  production;  it  is 
obtained  by  heating  fpirit  of  fait,  or  liquid  muria- 
tic acid  in  a retort,  whofe  neck  is  plunged  beneath 
a veflel  filled  with  mercury.  It  may  be  produced 
in  the  fame  apparatus  by  heating  a mixture  of 
common  fait  and  oil  of  vitriol.  It  cannot  be  col- 
lected in  water,  as  it  is  quickly  abforbed  thereby. 
It  feems  to  be  nothing  more  than  the  muriatic  acid, 
deprived  of  part  of  it’s  water,  and  combined  with 
fo  much  fire,  as  will  make  it  aflume  an  elaftic  aeri- 
form ffate. 

This  air  has  a flrong  penetrating  fmell,  being 
the  muriatic  acid ; it  gives  the  fame  figns  of  aci- 
dity, and  reddens  blue  vegetable  colours  ; but  does 
not  deftroy  them  like  oxygenated  muriatic  acid. 
It  abforbs  the  vapours  of  water,  which  float  in  the 
air,  and  forms  with  them  a wfffite  fume.  It  melts 
ice  with  great  rapidity,  on  account  of  the  great 
heat  fepa rated  from  it  on  it’s  combination  with 
water.  It  is  abforbed  by  charcoal  and  by  fponge, 
unites  with  all  alkaline  bales,  and  forms  muriatic 
1a Its.  It  diflolves  camphor.  It  is  deftrudive  of 

animal  life.  On  dipping  a candle  into  this  air,  the 
flame  is  extinguilhed  ; but  the  moment  before  it 
goes  out,  and  when  it  is  firfl  lighted  again,  it  burns 
with  a green  or  light  blue  flame.  I his  gas  is  con- 

liderably 
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fidcrably  heavier  than  common  air,  in  the  propor- 
tion of  5 to  3 ; a cubic  inch  weighs  0.654  grains: 
it  does  not  adt  on  metals. 

Oxygenated , er  dcphlogifticatcd  muriatic  gas 
is  obtained  with  great  facility  during  the  mutual 
action  of  the  native  calx  of  manganefe,  and  the 
muriatic  acid. 

It  is  confidered  by  fome  as  the  marine  acid 
deprived  of  phiogilton  ; by  others,  as  the  marine 
acid  combined  with  vital  air. 

It  is  ol  a yellowifh  green  colour,  of  a Prong 
penetrating  fmell,  and  quickly  deftroys  animal 
life. 

It  decompofes  volatile  alkali,  which  may 
therefore  be  ufed  as  a prefervative  againd  it’s  noxi- 
ous effects,  feparating  the  phlogidicated  air  from 
the  alkali  in  proportion  as  it’s  own  vital  air  unites 
w ith  the  inflammable  gas  of  the  volatile  alkali,  with 
which  it  forms  water.  It  thickens  fat  oils,  cal- 
cines metals,  and  is  abforbcd  by  water,  to  which 
it  communicates  all  thefe  properties.  It  will  fup- 
port  flame,  but  is  fatal  to  animal  life. 

It  is  gradually  decompofed  by  the  contact  of 
light,  and  reduced  to  the  date  of  pure  muriatic 
acid. 

It  is  one  of  the  mod  Angular  difcoveries  of 
modern  chemidrv. 

■ j 

It  is  abforbed  almpd  as  readily  as  fix«d  air  by 
water,  but  may  be  eaflly  expelled  again  by  heat, 
and  received  in  veflels  containing  mercury ; but  the 
air  thus  expelled,  does  not  readily  again  incorporate 
with  water  : the  elecdric  fpark  renders  it  wholly 
immifcible  with  water. 

\t  dejlroys  all  vegetable  colours.  It  does  not, 
like  acids,  redden  litmus  and  fyrup  of  violets,  but 
renders  them  white,  and  has  the  fame  eflebt  on  dyes. 
Jt  bleaches  yellow  \yax.  On  account  of  this  whiten- 
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ing  quality,  it  has  been  applied  fuccefsfully  to 
bleaching  of  linen , in  cafes  where  expedition  is  pre- 
ferred to  ceconomy. 

It  does  not,  however,  affecft  all  vegetable 
colours  in  the  fame  manner  and  degree.  The  co- 
louring matter  of  brazil  wood,  and  fome  green  parts 
of  plants,  retain  a yellow  tint.  The  leaves  of 
ever-greens  long  relift  it’s  a<ftion,  and  at  laft  only 
acquire  the  yellow  colour  which  they  receive  by  a 
long  expofure  to  the  air. 

Inflammable  fubftances  reduce  it  to  the  ftate 
of  common  muriatic  acid. 

Sulphureous  Acid  Air,  or  \ itriolic  Acid 

Air. 


This  is  the  produff  of  art.  It  is  formed  when- 
ever a combuftible  body  takes  away  a part  of  the 
vital  air,  which  is  united  to  fulphur  in  the  vitriolic 
acid.  It  is  alfo  formed  when  fulphur,  burning 
flowly,  abforbs  but  a fmall  quantity  ol  vital  air 
from  atmofpheric  air. 

To  procure  vitriolic  acid  air,  ftrong  concen- 
trated vitriolic  acid  is  to  be  put  into  the  ufual 
bottle  with  any  proper  fubftance  ; olive  oil  anfwers 
the  purpofe  very  well;  there  fhould  be  about  three 
or  four  times  as  much  oil  of  vitriol  as  fweet  oil, 
and  both  together  fhould  fill  about  one  third  or 
half  the  bottle.  A gentle  degree  of  heat  is  ne- 
ceffary  to  make  thele  materials  yield  the  elaftic 

fluid. 

It  is  very  foluble  in  water,  and  deftroys  many 
vegetable  colours,  fo  that  it  s oxigcne  muft  be 

either  totally  or  nearly  difengaged. 

When  united  with  alkaline  bafes,  it  forms 
neutral  falts,  different  both  in  figure  and  tafte 
from  thofe  which  are  formed  by  the  vitriolic  acid, 
and  particularly  in  this,  that  they  may  be  decom- 
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pofed  by  more  feeble  acids.  It  melts  ice  with  great 
rapidity. 

It  is  heavier  than  common  air,  extinguilhes 
combufiion,  and  deftroys  animal  life. 

If  this  air  be  mixed  with  alkaline  air,  it  forms 
a beautiful  white  cloud,  which  becomes  condenfed, 
and  is  found  to  be  vitriolic  ammoniac  : at  the  fame 
time  a yellow  fubftance  is  feparated,  which  feems 
to  be  fulphur.  Water  impregnated  with  this  air, 
may  be  frozen  without  parting  with  the  air,  and 
if  fuch  water  be  inclofed  in  a glals  hermetically 
fealed,  and  be  then  expofed  to  heat  for  feveral  days, 
it  depofits  fulphur. 

It  is  heavieit  of  all  aerial  fluids,  except  fluor 
acid  air,  being  to  common  air  as  2265  to  1000. 

.«  _ ' 

Fluor  Acid  Gas. 

If  pure  fluor,  or  fpar,  that  fpecics  of  fub- 
ftance which  is  called  the  Derbyfhire  fpar,  and  of 
which  you  have  feen  fo  many  ornaments  for  chim- 
nies  made,  be  placed  in  a retort  of  lead,  with  a 
receiver  of  the  fame  metal  adapted,  and  vitriolic 
acid  be  then  poured  upon  it,  the  acid  of  fpar  will 
be  difengaged  in  an  aerial  form,  by  the  application 
of  a very  gentle  heat.  The  fluor  acid  air  is  at  firfl: 
produced  without  heat ; but  in  a ihort  time  it  will 
be  nccefiary  to  apply  the  flame  of  a candle  to  the 
bottle,  by  which  means  a confiderable  quantity  of 
this  eiaftic  fluid  is  obtained.  This  air  readily 
combines  with  water,  and  therefore  when  expe- 
riments are  to  be  made  with  it  in  an  eiaftic  ftatc, 
it  mull  be  received  over  mercury. 

The  diftinguifhing  property  of  this  acid  is 
that  of  diflolving  flliceous  earth.  The  firlr  ex- 
periments made  with  it  were  in  glafs  veffels  ; and 
it  w as  obferved,  that  an  earthy  matter  was  depoflted 
at  the  inftant  the  air  came  in  contadf  with  the  wa- 
ter in  the  recipient  ; this  was  found  upon  exa- 
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mination  to  be  filiceous  earth.  It  has  been  found 
by  fubfequent  experiments,  that  this  acid  corrodes 
glafs.  It  has  therefore  beenufed  to  make  etchings 
upon  glafs  in  the  fame  manner  as  the  nitrous  acid 
has  been  long  applied  to  copper. 

Alkaline  Acid  Gas. 

This  air  was  produced  at  firft  by  Dr.  Prieft- 
ley  from  common  fpirit  of  fal  ammoniac,  with 
quick-lime.  This  air,  when  pure,  is  inftantly  fa- 
tal to  animal  life,  and  extinguifhes  flame  : juft 
however  before  the  flame  of  a candle  goes  out,  it 
is  enlarged  by  the  addition  of  another  flame,  of  a 
pale  yellow  colour.  The  eledtric  fpark  taken 
therein,  appears  of  a red  colour,  and  by  degrees 
changes  it  into  inflammable  air. 

On  confining  fome  water,  impregnated  with 
alkaline  air,  to  a ftrong  heat  for  fome  days,  a 
white  fediment,  or  cruft,  was  formed  on  the 
furface. 

Copper,  which  is  fo  eafily  corroded  by  the 
common  volatile  alkalies,  is  not  corroded  at  all  by 
this  air. 

Bits  of  linen,  charcoal,  and  fpongc,  admit- 
ted into  it,  abforb  it,  and  acquire  a very  pungent 
fmell.  It  diffolves  ice  almofi:  as  readily  as  an  hot 
fire. 

The  fpecific  gravity  of  this  air  is  to  that  of 
common  air,  as  600  to  1000. 

Dr.  Prieftley  procured  it  by  mixing  one  part 
of  pounded  fal  ammoniac  with  three  parts  of  flack 
lime.  When  changed  into  inflammable  air,  it  has 
been  conjectured,  that  the  change  is  occafioned  by 
heat  alone,  without  the  concurrence  of  light. 


Abstract 
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Abstract  of  a Dissertation  on  Phlogiston, 

by  Mr,  Wieglib,  a German  Chemist. 

In  oppofition  to  the  French  theory  Mr. 
Wieglib  alberts, 

1.  That  there  exifts  in  combuftible  bodies, 
and  in  many  which  are  not  fo,  a certain  inflam- 
mable principle,  which  is  feparated  when  they  are 
in  combuftion ; and  that  metals,  by  means  of  fire, 
are  reduced  to  a calx. 

2.  This  principle  may  be  collected  during  the 
combuftion  of  thefe  bodies,  and  is  found  in  a ftate 
nearly  Ample  in  the  form  of  gas. 

3.  That  jt  is  much  lighter  than  any  known 
matter. 

4.  That  all  bodies  that  are  combined  with 
this  principle,  lofe  part  of  their  fpecific  gravity, 
and  that  in  proportion  to  the  quantity  of  phlo- 
gifton  combined  with  them ; but  increafe  in  weight 
by  being  deprived  thereof. 

5.  This  principle  has  a great  affinity  with 
vital  air  ; their  mixture  is  fufceptible  of  a very 
great  condenfation,  and  changes  into  phlogifti- 
cated  air. 

6.  That  combined  with  water  and  fire  (the 
matter  of  Are),  it  forms  inflammable  air. 

7.  United  with  phofphoric  acid,  it  forms 
phofphorus,  and  with  the  vitriolic  acid  fulphur. 

8.  Charcoal  is  compofcd  of  this  inflammable 
principle,  and  Axed  air,  with  which  faline  and 
earthy  particles  arc  mixed. 

9.  We  are  ignorant  of  the  conftituent  parts  of 
vital  air  ; perhaps  it  is  compofcd  of  the  principle  of 
the  pureft  water,  and  of  the  matter  of  pure  Are. 

10.  We  are  equally  ignorant  of  the  condim- 
ent parts  of  Axed  air;  we  can  only  exhibit  it  as  a 
compound. 
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I.  Of  the  exifience  of  an  inflammable  principle . 

It  is  impoflible  to  deny  the  exigence  of  an 
inflammable  principle  in  many  bodies,  unlefs  the 
mind  be  led  alide  by  the  force  of  prejudice.  The 
moft  ancient  chemills  were  fenlible  thereof ; Geber 
defcribes  it  under  the  name  of  materiam  fugitivam 
el  inflammabilemy  aut  fulphureitatem  adurentem)  eva- 
porating from  metals  during  calcination.  The 
chemifts  of  the  middle  age  acknowledge  it  under 
the  name  of  fulphur  : Becker  and  Stahl  rejected 
this  denomination,  and  made  ufe  of  the  terms  in- 
flammable principle  or  phlogijlon ; they  did  not 
adopt  it  on  mere  hear-fay ; their  own  experience 
taught  them,  that  by  friction  alone  you  might 
difengage  fromfeveral  metals,  chiefly  copper,  lead, 
tin,  and  iron,  a certain  odour  which  became  more 
fenlible  when  the  metals  were  melted,  or  during 
calcination,  but  which  is  ftill  ftronger  when  they 
are  diflolved  in  acids. 

The  odour  which  efcaped  during  thefe  opera- 
tions intimated  the  prefence  of  this  principle  ; and 
this  fuppolition  obtained  more  probability  on  ex- 
amining the  metallic  calces,  or  the  precipitates 
obtained  by  diflolutions,  which  are  found  to  be 
deprived  of  the  brilliancy  peculiar  to  the  metals, 
as  well  as  of  the  above-mentioned  odour.  The 
abfence  of  thefe  properties  naturally  conducted 
them  to  this  conclulion,  that  during  the  cal- 
cination or  diflolution  ol  the  bodies,  a certain 
principle  efcaped,  which  was  the  origin  of  the 
fmell,  and  which  communicated  to  inetals  their 
brilliancy  and  ducflility.  The  heat  and  light  dif- 
fufed  by  a lighted  candle,  or  coals  in  combuf- 
tion,  properties  polfelfed  by  many  other  bodies,  as 
oil,  greafe,  tallow,  pitch,  wax,  fulphur,  phof- 
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phorus,  wood,  ftraw,  See.  condutfl  us  to  the  fame 
idea,  i.  e.  that  there  exifts  in  bodies  an  inflam- 
mable principle,  on  which  their  combuftible  pro- 
perties depend. 

But  the  truth  of  what  is  here  only  deduced 
from  phenomena,  is  evidently  proved  by  the  re- 
dudtion  of  metallic  calces  to  perfect  metals,  by 
reftoring  to  thefe  calces,  the  inflammable  principle 
that  they  had  loft  by  calcination. 

The  modern  chemilts  have  fhewn  us  how  to 
feparate  this  principle  from  different  bodies,  under 
the  form  of  inflammable  air ; with  this  difference, 
however,  that  in  the  inflammable  air  there  is  alfo 
water  combined  with  fire. 

The  prefence  of  this  fubfiance  in  inflammable 
air  is  proved  by  the  properties  and  effebts  it  pro- 
duces, which  are  the  fame  as  thofe  by  which  inflam- 
mable air  is  diftinguifhed.  Dr.  Prieftley  obtained 
inflammable  air  by  expofing  zinc  and  iron  to  a 
violent  fire;  the  fame  refult  is  found  from  the 
folution  of  thefe  metals  in  the  vitriolic  and  muri- 
atic acid,  and  by  expofing  to  the  focus  of  a burn- 
ing-glafs  pure  fteel  filings,  contained  in  a veflel 
filled  with  mercurv. 

It  is  impoflible  in  thefe  experiments  to  mif- 
take  the  inflammable  matter  in  the  form  of  in- 
flammable air.  A phenomenon  obferved  by  Dr. 
Prieflley  fhould  be  noticed  here  : a kind  of  explo- 
fion  he  obferved,  while  the  iron  filings  were  heat- 
ing, and  which  caufed  a portion  of  the  filings  to 
leap  about.  From  this  experiment  we  may  con- 
clude, that  an  aeriform  fubfiance  isdifengaged  from 
fire  by  heat,  proving  at  the  fame  time  how  fmall 
a foundation  there  is  for  that  theory,  which  con^ 
fiders  the  metals  as  Ample  fubftances.  After  what 
has  been  faid,  there  is  little  necelfity  for  proving 
that  charcoal  contains  phlogiflon.  If  the  calci- 
nation of  metals  depends  on  a privation  of  this 
inflammable  principle,  their  reduction  or  return 

to 
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to  their  former  Pate,  fliould  naturally  take  place 
when  this  principle  is  reftored.  But  this  reduc- 
tion does  not  take  place,  unlefs  the  metallic  calces 
are  expofed  to  the  action  of  charcoal,  or  fome 
other  inflammable  fubflance.  Thefe  fubflances 
mull  neceflarily  therefore  contain  the  principle 
that  co-operates  to  the  reduction  of  metals.  Befidcs, 
we  may  further  appeal  to  the  inflammable  nature 
of  charcoal,  which  is  fo  well  known  to  every  one. 
The  nature  of  charcoal,  it’s  exiflence  as  an  ori- 
ginal Ample  principle,  forms  an  elfential  link  in 
the  French  chemiflry,  without  which  it  cannot  be 
fupported.  Though  enough  might’  be  deduced 
againft  this  notion,  from  what  has  been  here  faid  ; 
I fhall  take  occalion  to  notice  it  again  in  the  courfe 
of  this  diflertation. 

2.  Separation  of  the  inflammable  principle. 

Though  every  one  acknowledges,  that  inflam- 
mable air  may  be  feparated  from  all  inflammable 
fubflances.  Pill  it  is  eflential  to  prove,  that  air, 
known  by  the  name  of  inflammable  air,  poflefles 
the  fame  properties  that  are  attributed  to  the 
inflammable  principle  of  certain  bodies.  Nowr 
every  one  knows,  that  nitre  explodes  only  with 
inflammable  fubflances,  that  is,  that  contain  phlo- 
giPon  : this  has  been  fully  proved  by  Mr.  Achard 
and  others. 

Mr.  Achard  conveyed  fome  inflammable  air 
obtained  from  a mixture  of  iron,  and  the  vitriolic 
acid,  into  melted  nitre,  and  a very  conflderable 
explofion  took  place  ; and  excepting  a fmall  por- 
tion of  alkali,  all  the  remaining  nitre  was  decom- 
pofed.  Me  firs.  Macquer  and  Montigny  have  alfo 
obferved,  that  metallic  calces  might  be  revivified 
as  well  by  inflammable  air,  as  by  powdered  char- 
coal. Mr.  Pelletier,  in  palling  inflammable  air 
through  fome  arfenical  a,cid  diffolved  in  two  parts 
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of  water,  obtained  thereby  an  acid  in  a metallic 
form,  which  feparated  itfelf  from  this  liquor. 
All  chemifts  know,  that  copper  dillolvcd  in  the 
vitriolic  or  muriatic,  but  principally  in  the  nitrous 
acid,  is  found  abfolutely  in  a date  of  calx.  It  is 
alfo  known,  that  while  the  vitriolic  or  muriatic 
acids  attack  the  iron,  inflammable  air  is  dis- 
engaged ; but  if  the  nitrous  acid  is  ufed,  nitrous 
air  alone  is  produced.  By  expoling,  to  either  of 
the  three  diffolutions  of  copper,  a piece  of  polifhed 
iron,  the  copper  is  immediately  feparated  there- 
from, and  recovers  it’s  metallic  brilliancy:  during 
this  experiment,  no  inflammable  nor  nitrous  air 
is  difengaged,  although  the  acids  have  certainly 
attacked  the  metal.  It  may  be  afked,  what  is  be- 
come of  the  inflammable  principle  of  thefc  airs. 
We  anfwer,  that  it  is  united  to  the  calx  of  the 
copper ; for  by  what  other  means  could  the  copper 
have  re-acquired  the  inflammable  principle  it  had 
loft,  but  from  the  inflammable  principle  of  the 
iron,  which  abandons  the  laft  metal  to  attach  itfelf 
to  the  copper. 

3 • Negative  weight  of  the  inflammable  principle. 

The  imponderability  of  this  principle  may  be 
confidered  as  a kind  of  axiom,  for  no  one  has  been 
hitherto  able  to  fhew  that  it  has  any  weight. 

4.  The  inflammable  principle  diminijhes  the  gra- 
vity of  bodies  1 for  asfoon  as  they  are  deprived  thereof \ 
they  recover  their  original  weight. 

M.  Weiglib  confiders  this  as  fufficiently  known 
to  thofe  who  are  inftruded  in  modern  philofophy ; 
and  in  the  courfe  of  thefe  Ledures  you  will  find 
this  pofition  illuflrated  by  various  arguments. 

5.  Of  the  intimate  combination  of  the  inflam- 
mable principle  with  vital  air}  and  the  developcment 
of  phlogifli cate d air. 

Though  we  confider  the  exigence  of  an  inflam- 
mable principle  peculiar  to  combuftible  bodies, 

yet 
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yet  we  allow  combuftion  cannot  take  place  unless 
they  are  furrounded  with  either  vital  or  atmofphe- 
rical  air':  indeed  the  laft  feems  only  to  acquire  this 
faculty  in  proportion  as  it  contains  vital  air,  fo 
that  this  may  be  confidered  as  that  alone  in 
which  combuftion  can  be  produced.  There  is  a 
natural  proportion  eftablifhed  between  the  quantity 
of  the  combuftible  body,  and  that  of  the  air  in 
which  the  combuftion  is  made;  for  experiment 
fhews,  that  the  combuftion  never  goes  beyond  a 
certain  point,  and  that  this  point  is  more  retarded 
in  vital  air  than  in  any  other.  In  all  combuftion 
volatile  particles  efcape,  in  metals  it  is  the  inflam- 
mable principle  alone  which  is  difengaged,  in  other 
bodies  a variety  of  matters  efcape  with  this  prin- 
ciple. Experiment  fhews,  that  combuftion  ceafes 
in  phlogifticated  or  inflammable  air;  we  may, 
therefore,  fuppofe  that  thefe  airs  cannot  abforb  the 
particles  which  efcape  from  bodies  in  combuftion, 
becaufe  they  are  already  fufficiently  loaded  there- 
with. What  we  have  here  mentioned  takes  place 
more  particularly  in  the  Ample  calcination  ol  me- 
tals ; for  as  thefe  contain  no  other  principle  that 
can  be  volatilized,  they  lofe  nothing  but  their  in- 
flammable  principle. 

When  metals  are  calcined,  a phenomenon  is 
obferved,  which  is  as  it  were  the  hinge  or  center  of 
the  new  French  chemiftry,  and  about  which  all  the 
dodtrines  thereof  turn.  When  metals  are  calcined, 
or  when  combuftion  is  performed,  in  clofe  veflels 
filled  with  air,  a confiderable  vacuum  is  formed 
in  the  veftel,  and  the  remaining  air  weighs  lefs  than 
the  air  that  was  before  contained  in  the  veftel  : on 
the  other  hand,  the  body  which  has  been  burnt,  or 
the  metal  which  has  been  calcined,  will  have  ac- 
quired weight,  and  this  mcreafe  of  weight  will  be 
nearly  in  proportion  to  the  lofs  of  weight  in  the 
air.  Mr.  Lavoifter  concludes,  as  we  have  obferved 

before, 
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before,  that  the  loft  air  is  abforbed  by  the  calx  of 
the  calcined  metal. 

Mr.  Wieglib  thinks  Mr.  Lavoifter  has  forgot- 
ten that  a condenfation  of  the  air  may  have  alfo 
taken  place  ; and  it  is  to  this  condenfation  Mr.  W. 
attributes  the  change  in  the  air,  fupporting  his 
opinion  on  an  experiment  of  Dr.  Prieft ley’s,  who 
found  that  by  taking  eledtric  fparks  for  a confide- 
rable  time  through  a quantity  of  atmofpheric  air, 
that  quantity  was  diminifhed  near  one-fourth  in 
bulk.  Mr.  De  la  Metherie  has  alfo  proved  by  his 
experiments,  that  pure  vital  air  may  be  diminifhed 
by  the  eledtric  fpark,  and  changed  into  phlogifti- 
cated  air.  Now  if  thefe  experiments  prove  that 
vital  air,  when  pure,  or  when  mixed  with  atmo- 
fpherical  air,  may  be  diminifhed  by  electricity,  it 
is  evident  that  in  the  cafe,  of  which  we  are  now 
fpeaking,  the  fame  thing  fhould  take  place,  unlefs 
it  can  be  proved  that  a portion  of  this  air  has  been 
abforbed ; but  experiment  proves,  that  this  very 
fenfible  diminution  of  the  mafs  of  air  is  owing  to  a 
real  condenfation^  for  on  introducing  phlogifticated 
vapour  into  the  pureft  vital  air,  till  it  is  completely 
faturated,  there  always  remains  behind  a fmall 
portion  cf  phlogifticated  air.  This  is  proved  as 
well  by  the  experiments  of  Mr.  Lavoifter  as  of 
other  chemifts,  although  they  have  conftdered  this 
reiiduum  of  phlogifticated  air,  according  to  their 
peculiar  prejudices,  as  being  anteriorly  contained 
in  vital  air.  Mr.  Wieglib  poured  into  a phial, 
containing  9 ounces  of  pure  vital  air  obtained  from 
rnanganefe;  he  poured,  I fay,  therein  4 ounces  of 
a concentrated  diftolution  of  liver  of  fulphur;  the 
vital  air  then  occupied  afpace  of  5 ounces  ; fifteen 
days  afterwards  the  phial  was  opened  under  water, 
and  the  water  on  entering  filled  the  whole  phial, 
except  a fmali  fpace  of  about  three  grains  and  a 
half  in  capacity.  Now  if  the  vital  air  had  been 

abforbed. 
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abforbcd,  there  fhould  have  been  a perfedl  vacuum 3 
but  this  was  not  the  cafe,  the  fmall  reliduum  was 
phlogifticated  air.  This  experiment  was  repeated, 
but  always  attended  with  the  fame  fuccefs. 

6.  Of  inflammable  air  produced  by  the  combina -» 
tion  of  twater  with  the  inflammable  principle. 

Mr.  Lavoilier,  and  the  friends  of  the  French 
fyftem,  think  that  fome  folid  matter  is  neceffary 
for  the  formation  of  inflammable  air,  that  this 
matter  acquires  it’s  elafticity  by  fire,  and  is  one  of 
the  conftituent  or  component  parts  of  water.  Mr. 
Wieglib  confiders  fire  as  one  of  the  conftituent 
parts  of  this  air,  founding  his  opinion  on  Mr.  La- 
voifier’s  own  experiments. 

By  letting  a copper  tube  5 or  6 feet  long, 
filled  either  with  iron  wire  bent  fpiraily,  or  elfe 
with  charcoal,  pafs  through  a violent  charcoal  fire, 
introducing  at  the  fame  time  the  point  of  a fmall 
gtafs  alembic,  which  was  filled  with  water,  into  the 
upper  part  of  the  tube,  fo  that  the  vapour  of  the 
water  palled  through  the  tube,  the  lower  end  of 
which  was  immerfed  in  a phial  filled  with  water, 
inflammable  air  was  produced.  If  charcoal  be 
employed,  a good  deal  of  fixed  air  is  obtained  at 
the  fame  time,  the  iron  contained  in  the  tube  is 
calcined,  or  if  charcoal  is  ufed,  it  is  changed  into 
allies. 

Mr.  Wieglib  thus  explains  the  above-men- 
tioned phenomenon  ; the  water  in  palling  through 
the  tube  combines  with  the  fire,  and  is  changed 
into  vapour,  which  combining  allb  with  the  in- 
flammable principle  of  the  iron,  is  thereby  changed 
into  inflammable  air.  Other  experiments  may  be 
adduced  to  prove  the  fame  point. 

7.  ‘ The  combination  of  the  inflammable  principle 
with  phofphoric  acid  produces  phofphorusy  with  the 
v it  noli c fu Iphur . 

Whatever  notions  we  n'owr  poflefs  of  the  com- 
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pofition  of  natural  or  artificial  bodies,  we  are  in- 
debted for  them  to  an  analyfis  j phofphorus  and 
fulphur  were  known  before  their  conftituent  parts 
were  difcovered.  The  obfervation  that  phofphorus 
fliines  when  expofed  to  the  air,  naturally  led  to  the 
idea,  that  this  luminous  body  contained  an  inflam- 
mable matter,  whjch  <di ffuTed  itfelt  in  the  air  in 
the  form  of  a luminous  vapour.  By  purfuing  this 
idea  further,  Homberg  and  Margrat  found  that 
this  inflammable  matter  contained  alfo  an  acid  of  a 
particular  kind.  From  a knowledge  of  thefe  two 
principles,  later  chemifts  have  been  able  to  form 
phofphorus,  by  combining  this  particular  acid 
with  the  inflammable  principle. 

It  was  the  fame  with  fulphur,  whofe  confti- 
tuent principles  were  placed  in  the  cleared:  point  of 
view  by  the  juftly  celebrated  Stahl. 

8.  That  charcoal  is  compofed  of  the  inflammable 
principle  and  fixed  air. 

• Mr.  Wieglib,  before  he  explains  his  own 
propofition,  gives  an  account  of  Mr.  Lavoifier’s 
notions  concerning  the  peculiar  principle  of  char- 
coal, carbonne,  and  the  inflammable  principle  it 
contains. 

Mr.  Lavoifier  confiders  common  charcoal  as 
compofed  of  carbonne,  inflammable  air,  earth,  and 
fait.  In  expofing  charcoal  to  a great  fire  in  clofe 
veflels,  Mr.  Lf  obtained  a fmajl  quantity  of  inflam- 
mable air ; but  as  thefe  coals  expofed  for  a longer 
time  to  the  fame  degree  of  fire,  exhibited  no  change 
' of  afpedt,  he  conceived  that  by  this  operation  he 
had  leparated  all  the  inflammable  air.  From  this 
experiment  Mr.  L.  confiders  the  refiduum  as  car- 
bonne, a fubftance  abfolutely  fimple,  without 
proving  the  fimplicity  thereof. 

Mr.  Wieglib  fliews,  tha;  charcoal  is  a com- 
pound, confiding, 

1.  Of  the  inflammable  principle, 
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The  two  laft  are  contained  in  the  allies,  and 
are  only  acctffory,  depending  on  the  vegetables  of 
which  it  is  made,  fo  that  fometimes  none  of  thefe 
particles  are  to  be  found, 

Mr.  Lavoifier’s  theory  confifts  in  confidering 
his  carbonne  as  a Ample  fubftance;  and  fuppoling 
in  all  the  experiments  (where  there  is  a decompo- 
lit  ion  of  charcoal)  that  the  fixed  air  emaning  there- 
from, is  a new  compound.  This  error  he  has  been 
led  into,  from  not  obferving  that  charcoal  is  not 
decompofed  when  acted  upon  in  clofe  veffels;  tor 
in  this  cafe  there  is  a diminution  of  the  mats  of  air, 
and  the  rctiduum  is  fixed  air.  Mr.  W.  fhews,  that 
the  air  is  always  diminifhed  when  the  inflammable 
principle  combines  with  vital  air;  but  as  this, 
when  it  quits  the  charcoal,  efcapes  into  the  air, 
the  fixed  air,  dilengaged  by  the  fame  operation, 
naturally  follows. 

Fixed  air  has  often  milled  the  moft  able  che- 
miffs/  when  they  have  endeavoured  to  prove  it’s 
exiftence  ; but  on  quitting  the  idea  of  it’s  artificial 
compofition,  which  is  far  from  being  proved,  we 
may  always  obtain  every  necelfary  knowledge. 
Scheele , whofe  abilities  are  universally  acknow- 
ledged, is  one  who  was  thus  milled,  and  we  And 
him  fometimes  thinking  he  had  formed  this  aerial 
acid  (fixed  air),  fometimes  that  he  had  Amply  fe- 
parated  it.  Scheele  obtained  Axed  and  inflammable 
air  by  expoflng  powdered  charccal  to  Are.  By 
expoling  alfo  to  a naked  Are  fixed  cauftic  alkali 
mixed  and  ground  with  charcoal,  in  a glals  alembic, 
ufing  the  pneumatic  apparatus,  you  obtain  a great 
quantity  of  inflammable  air;  the  refiduum  has  loft 
it’s  cauftic  nature,  and  will  eftervefee  with  acids, 
and  is  confequently  loaded  with  fixed  air.  In  this 
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experiment  the  inflammable  principle  is  feparated 
under  the  form  of  inflammable  air,  whilg  the  fixed 
air  is  combined  xy ith  the  fixed  alkali. 

By  exppfing  to  an  open  fire  a mixture  pf  li- 
tharge and  powdered  charcoal,  contained  in  a glafs 
alembic  folidly  luted,  we  obtain,  by  means  of  the 
pneumatic  apparatus,  fixed  air,  and  the  litharge 
remaining  in  the  alembic  of  glafs  is  revivified ; and 
in  this  experiment  the  fixed  air  is  evidently  pro- 
duced from  the  charcoal,  while  the  inflammable 
principle  combining  with  the  calx  of  lead,  reftores 
it’s  metallic  forrp.  The  fame  refult  is  obtained  by 
diffilling  filings  of  zinc  with  fixed  cauftic  alkali, 
fhewing  further  the  ftrong  affinity  between  the 
inflammable  principle  of  charcoal  and  that  of  me- 
tal. On  obferving  alone  the  great  quantity  of  fixed 
air  procured  by  diffilling  dried  yvood,  one  would 
naturally  conclude,  that  this  principle  ought  to  be 
found  in  charcoal. 

9.  The  component  principles  of  vital  air  are 
ab Joint  el y unknown. 

Np  one  has  hitherto  difeovered  the  method  of 
compounding,  or  forming  from  principles,  vital 
air.  Mr.  Wiegljb  invites  thofe  of  a contrary  opi- 
nion to  the  proof.  La  verifier  himfelf  feems  to 

think  his  proofs  of  (apretended)  oxigene  combined 
with  fire  or  light,  as  forming  vital  air,  infufficient. 

In  all  thp  experiments  where  we  find  this  air, 
it  proceeds  from  the  ejecompofition  of  bodies,  of 
which  it  was  a conftituent  part : it  appears,  there- 
fore, to  be  of  an  appropriate  nature,  and  to  be  a 
conftituent  part  pf  certain  bodies  : it  may,  poflibly, 
be  found  in  fome  acids,  as  is  proved  frpm  the 
nitrous  acid;  but  wre  ought  not  thence  to  give  it 
the  name  of  oxigene  (acidifying  principle),  a name 
that  might  with  greater  propriety  be  attributed  to 
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io.  Fixed,  air  cannot  be, produced  by  an  artifi- 
cial combination. 

This  proportion  is  diredtfy  contrary  to  the 
obfervation  of  Mr.  Lavoifier,  and  the  chemiftswho 
follow  his  fyftem,  and  if  eftablifhed  will  overthrow 
it  entirely:  for  if  the  fixed  air  that  Mr.  Lavoifier 
obtained  is  not  produced  ( pro  duff  tim ) by  the  com- 
bination, but  only  feparated  [eduttum),  the  new 
fyftem  falls  to  the  ground,  and  their  famous  oxi- 
gene  will  turn  out  to  be  as  chimerical  as  their 
political  theories. 

The  propofttion  before  us  has  been  fufficiently 
proved  by  a feries  of  experiments,  publiftied  by 
Mr.  Green,  in  1786,*  and  which  have  not  been 
refuted  by  Mr.  Lavoifier,  or  any  of  the  advocates 
of  the  French  chemiftry.  Mr.  Wieglib  repeated 
the  experiments  of  Mr.  Green,  and  was  perfectly 
convinced  of  their  accuracy. 

Of  thefe  we  {hall  now  quote  fome  of  the  mold 
remarkable.  In  the  fourth  and  eighth  of  Mr. 
Green’s  experiments,  he  burnt  fome  phofphorus 
under  a receiver  filled  with  atmofpherical  air  kept 
under  water,  and  obtained  an  acid  water  which 
precipitated  lime  from  lime-water,  but  contained 
no  fixed  air.  Though  Mr.  Lavoifier  confiders 
phofphorus  (without  proof,  however,)  as  a fimple 
body,  it  is  more  probable  you  fee  that  it  contains 
an  inflammable  principle.  If  Mr.  Lavoifier’s 
aftertion  had  been  well  founded,  phofphorus  ought 
in  this  experiment  of  Mr.  Green’s  to  have  produced, 
with  the  particles  of  vital  air,  fixed  air;  but  as 
neither  Mr.  Green  nor  Wieglib  could  obtain  this 
air,  we  may  confider  the  French  opinion  as  def- 
titute  of  foundation  ; the  lime  is  precipitated  in 
this  experiment  by  the  phofphoric  acid  difengaged 
by  the  combuftion. 

In 

* Obferv,  et  Exper,  circa  geneftn  aeris  fixi  et  phlogift.  Hall*, 
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In  his  eleventh  and  thirteenth  experiment,  Mr. 
Green  burnt  phofphorus,  which  was  reouced  in 
fmall  pieces  ; in  eight  cubic  inches  oi  the  pure  it 
vital  air,  after  the  combuftion,  there  remained  three 
eighths  of  a cubic  inch  of  phlogifticated  air,  and 
the  water  contained  no  fixed  air.  Thele  experi- 
ments prove  the  fifth  proportion. 

In  the  nineteenth,  twentieth,  twenty-firft,  and 
twenty-fecond,  Mr.  Oreen  could  not  obtain  fixed 
zix  by  burning  fulphur  in  atmofpheric  air. 

In  the  twenty-fourth  and  twenty-fifth,  Mr. 
■Green  proves  that  frefh  prepared  calx  of  leao  con- 
tains neither  vital  nor  fixed  air. 

Regulus  of  antimony,  lead,  zinc,  fulphur,  &c. 
exploded  with  nitre,  produced  no  fixed  air. 

Vital  and  inflammable  airs  burnt  together, 
gave  no  fixed  air,  which  ought  to  have  been  the 
cafe  if  there  was  any  foundation  for  Mr.  Lavoilier’s 
fiyftem. 

Mr.  Lavoifier’s  errors  have  been  in  a great 
ineafure  occafioned  by  confidering  charcoal  as  a 
Ample  principle,  without  giving  fufficient  proofs 
for  this  opinion.  Mr.  Wieglib  has  fhewn,  that  it 
mu  ft  be  conftdered  as  compound,  and  that  in  all 
the  experiments  where  Mr.  Lavoifter  obtained  fixed 
air,  it  was  feparated  from  the  charcoal  he  ufed. 

It  has  been  faid,  “that  there  is  no  dired  ex- 
periment to  prove  that  fixed  air  is  compofed  of  pure 
air  and  phlogifton,  and  that  unlefs  this  is  properly 
fupported,  the  prefence  of  phlogifton  in  metals,  in 
fulphur,  and  in  nitrous  air,  muft  be  given  up.*’ 
This  reafoning  is  founded  on  a falfe  principle, 
which  feeks  to  combine  fixed  air  with  fubftances 
that  only  contain  pure  phlogifton  ; but  what  proofs 
have  we  that  fixed  air  is  a compound.  If  thefe 
reafoners  had  confulted  the  operations  in  nature,  it 
would  certainly  have  convinced  them,  that  by  a com- 
bination 
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bination  of  vital  air  with  phlogifion  we  never  obtaht 
fixed  air . 

Mr.  Wieglibj  having  proved  the  foregoing 
proportions,  irivites  ch'etnifts  to  examine  whether 
the  fyfiem  of  Stahl , as  now  improved,  is  not  con- 
formable to  truth?  whether  the  experiments  de- 
duced from  it  are  not  more  Ample,  more  palpable, 
and  more  eafy  to  explain,  than  by  Mr.  Lavoiiier’s 
new  theory  ? Lie  afterwards  points  out  the  fources 
that  have  led  Mr.  Lavoifier  into  error,  traces  the 
Heps  that  have  gradually  conducted  him  to  his  pre- 
fent  theory.  But  views  of  this  part  of  his  paper 
would  lead  farther  than  the  nature  of  thefe  Lectures 
will  allow. 

Thus  I think  you  have  feen  that  the  inflam- 
mable principle  ltill  holds  it’s  ground*  and  cannot 
be  rejected*  as  the  French  have  imagined,  from 
the  philosophy  of  nature.  You  are  not  to  expeCt 
that  any  one  can  prefent  you  with  a handful  01  this 
principle,  feparated  from  an  inflammable  body ; 
you  might  juft  as  realonably  demand  a handful  of 
magnetifmi  or  gravity,  &c.  to  be  extracted  from  a 
magnetic  or  gravitating  body.  There  are  powers 
in  nature  which  cannot  otherwije  become  the  objeS'S 
of  fenfe , than  by  the  effects  they  produce ; and  of 
this  kind  is  the  inflammable  principle  or  phlo- 

giltortd5  . . 

Wherever  we  turn,  we  And  every  operation  in 

nature  bearing  teftimony  to  the  exigence  of  fire 
and  light  in  various  forms,  and  giving  us  evidence 
of  their  inceffant  active  energy;  _ By  their  various 
modifications  they  are  the  principal  inftruments  in 
conftituting  the  peculiar  and  diftinguiflnng  pro- 
perties of  bodies.  I’o  their  phlogiitiC  principle 
metals  Owe  their  fplendor,  ductility,  and  elafticity^ 
?t abounds  in  vegetables;  their  colour,  tafte,  and 
fme’ll  depend  thereon.  1 hough  contracted  view's 
of  the  laws  of  nature  have  diftinguifhed  this  aCtivc 

principle 
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principle  by  as  many  names  as  energies,  yet  is 
there  great  reafon  for  concluding,  that  it  is  the 
fame  agent  which  \vc  at  one  time  contemplate  in 
the  form  of  concentrated  light,  tearing  afunder  the 
denfeft  adamant,  and  at  another  rending  the  clouds, 
•and  threatening  with  refiftlefs  deilrudtion  the  lofty 
oak  and  towered  citadel. 

There  is  hardly  a body  in  nature  an  which 
this  principle  does  not  enter.  Whether  we  calf 
our  eyes  on  the  furniture  of  our  houfes,  or  look 
abroad  upon  r he  trees  in  the  fore  ft,  the  beads  in 
the  field,  the  fifh  in  the  fea,  the  fea  itfelf,  or  the 
mineral  ffrata  in  the  bowels  of  the  earth,  this  prin- 
ciple perpetually  obtrudes  itfelf  o.n  the  eye  of  the 
phrlofopher.” 

<c  1 here  is  hardly  an  object  in  nature  but  what 
•confiffs  of  it  under  different  modifications,  or  com- 
bined with  different  bafes.  The  refforation  of  the 
•calces  of  metals  to  their  metallic  form,  by  a junc- 
tion with  this  principle,  when  obtained  indifferently 
from  aim  off  every  combuffible  body  in  nature, 
fee  ms  dearly  to  afeertain  the  fad.  It  may,  how- 
ever, be  worth  while  to  convey  fome  further  idea 
of  this  matter  by  ■analogy y comparing  the  jundtion 
of  phlogifton  with  fuch  a variety  of  bodies  to  that 
mephitic  air , which  is  believed  to  be  latent,  or  fixed 
-in  a block  of  marble/’ 

<f  Previous  -to  Dr.  Hale’s  and  D,r.  Black’s  dif- 
coveries  refpedting  fixed  air,  it  would  have  been  as 
difficult  to  form  any  idea  of  fuch  latent  or  fixed 
air,  as  fome  now  find  it  to  conceive  that  a lump  of 
wood,  tallow,  bees-wax,  or  iron,  contains  a large 
quantity  of  what  is  with  propriety  denominated 
'latent  or  fixed  fire.’5’ 

As  fixed  air  has  the  Wonderful  property  of 
-entering  into  the  fubftance  of  a block  of  marble 
or  lime-ffone,  and  of  there  lying  hid  in  fuch  a 
manner  as  to  be  totally  inconceivable  to  the  undcr- 
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Handings  of  mankind,  abfoiutely  lofing  every  a p* 
pearance  of  air ; fo  hath  the  foiar  fubftance  the 
property  of  entering  in  a dtnilar  manner  into  the 
fub  dance  of  a vad  variety  of  the  objects  of  nature, 
but  more  efpeeially  into  every  metallic  earth  or 
calx ; thereby  giving  it  it’s  metallic  form,  and 
continuing  intimately  combined  with  it,  fo  as, 
without  the  aid  of  fome  chemical  or  mechanical 
procefs,  to  elude  both  our  feelings  and  the  detect 
tion  of  the  niceft  thermometer.” 

ff  As  fixed  air  is  capable  of  rendering  the  mod 
cauftic  alkali  or  lime  perfectly  mild  and  harmlefs 
to  the  touch  or  tafte,  fo  hath  fixed  fire  the  property 
of  rendering  fome  of  the  mod  corroiive  and  poi- 
fonous  metals  equally  mild  and  harmlefs.  There 
is  hardly  any,  from  the  dronged  concentrated  mi- 
neral acid  to  the  weaked  vegetable  one,  but  what 
Will  expel  fixed  or  mephitic  air  from  alkaline  iub- 
dances,  combining  with  them  into  a variety  of 
neutral  falts.  Some  of  the  dronger  mineral  acids, 
and  probably  the  vegetable,  if  properly  concen- 
trated, will  alio  expel  inflammable  air  from  metal- 
lic fubdances,  with  which  they  alfo  combine, 
forming  a variety  of  neutral  falts.  1 hey  who  de- 
ny the  exidence  of  phlogidon,  may  confider  this  as 
merely  a feparation  of  inflammable  air  from  the 
different  earthy  of  metallic  bales  \ but  furely  the 
inflammable  air  may  with  equal  propriety  be  con- 
fidered  as  the  principle  of  inflammability,  aifu- 
ming,  in  conjunction  with  water , a new  form,  viz. 
that  of  air;  forthehighefl  concentrated  acid,  which 
we  can  life  on  thefe  occaflons,  contains  a luiflcient 
quantity  of  water  to  form,  in  conjunction  with 
phlogidon  or  fixed  fire,  lofne  proportion  of  that 
eladic  fluid  which  we  call  inflammable  air/ 

" if  we  attend  dill  more  clofely  to  this  circum- 
dance,  we  diall  be  compelled  to  acknowledge  that 
it  is  adually  the  caie,  ior  the  mod  concentrated 
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mineral  acid  muft  part  with  it’s  water  upon  it’s 
particles  uniting  with  thofe  of  the  folid  metal.  It 
becomes  then,  in  faCt,  a cafe  of  double  elective 
attraction;  the  acid  and  the  metallic  earth  unite, 
the  water  quits  the  acid,  and  unites  with  phlogidon 
in  the  newly-formed  aerial  compound  ; yet  all  the 
water  cannot  be  difpofed  of  in  this  way,  for  a con- 
fiderable  portion  of  it  enters  into  the  metallic  fait 
as  it  fhoots  into  crydals,  from  which,  by  the  ap- 
plication of  a moderate  heat,  it  may  be  expelled  in 
it’s  pure  hate,  leaving  the  acid  and  metallic  earth 
in  the  form  of  a faline  powder.” 

Cf  The  quantity  of  phlogifton  which  is  fixed  in  a 
pound  of  any  metal  will  occupy  an  immenfe  fpace 
when  expanded,  in  conjunction  with  water,  in  the 
form  of  inflammable  air.  The  fame  thing  may  be 
obferved  of  the  mephitic  vapour  which  rifes  from 
alkaline  falts,  and  abforbent  earths,  when  they  are 
mixed  w ith  an  acid  in  a folid  form  ; for  here  no 
fixed  air  will  rife.  This  is  owing  to  the  want  of 
water  to  combine  with  the  mephitic  acid  in  the 
form  of  fixed  air  ; for  no  fooner  is  moidure  added, 
than  the  fixed  air  rifes  copioufly.  And  to  this 
caufe  we  ought  alfo  to  aferibe  part  of  the  lofs  of 
weight,  which  was  firft  obferved  by  Dr.  Black  on 
the  mixture  of  acids  and  abforbent  earths,  or  alka- 
line falts.” 

cc  Fixed  air,  as  an  acid,  neutralifes,  and  renders 
mild,  the  mod  corrofive  alkali  or  lime.  Dr. 
Priedley  hath  conceived  phlogidon  to  be  the  prin- 
ciple of  alkalinity;  and  accordingly,  like  fomething 
alkaline,  we  obferve  it,  from  whatever  fubdance 
obtained,  to  form  a junction  w ith  the  mod  corro- 
five mineral  acids,  and  to  rob  them  of  their  activity 
as  fuch : thus  the  muriatic  acid,  that  has  been 
once  ufed  in  making  the  corroded  preparations  of 
anatomids,  is  fo  nearly  neutral ifed,  and  rendered 
inert,  that  it  will  not  repeatedly  anfwer  that  pur- 
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jpofe.  The  dronged  vitriolic  acid  lofesit’s  caudic 
property  in  the  fame  -manner*  but  more  drikingly, 
by  jundbion  with  oil,  beCs-wax,  or  tallow*  which 
abound  with  phlogidon.  As  fixed  air  may,  by- 
art,  be  feparated  from  marble  and  lime-done,  and 
may  be  made  to  appear  evident  to  our  fenfes ; fo 
may  the  mod  of  this  fixed  fire  be  feparated*  by  art, 
rom  the  bodies  which  contain  it,  and  become 
immediately  obvious  to  our  feelings,  and  to  the 
dete&ion  of  a thermometer*”*' 

Opinions  0 £ Ancient  Writers. 

It  may  be  ufeful,  and  I think  cannot  be  un* 
pleafant,  to  lay  before  you  the  opinions  of  ancient 
writers  upon  the  fubjedts  we  have  hitherto  dif- 
cuffed  in  our  Lectures  : they  had  the  fame  opportu- 
nities that  we  have,  and  derived  their  knowledge 
of  things  from  evidence  and  obfervation.  How 
far  they  were  capable  of  carrying  their  obferva- 
tions,  it  will  be  difficult  to  fhew  with  precifion : 
much  farther,  however,  than  feems  to  be  allowed 
by  many  modern  writers,  who  conlider  wifdom  as 
a child  newly  born.f 

There  are  innumerable  appearances  and  ope- 
rations in  nature,  which  are  fubjedted  to  the  eyes 
and  fenfes  of  men,  though  unafiided  by  philofophic 
apparatus;  and  as  nature  is  confident  with  itfelf, 
from  thefe  we  may  form  a judgment  concerning 
their  knowledge  of  phyfical  principles. 

The  fkill  of  the  ancients  in  mechanical  art$ 
is  generally  allowed,  and  monuments  of  it  are  dill 
remaining,  which  their  fons  at  this  day  would  find 
it  hard  to  exceed  or  even  to  imitate;  their  know- 
ledge in  geometry  and  mathematics  is  the  founda- 
tion 

* Medical  Spe£lator,  No.  12. 

F For  inftances  of  the  knowledge  of  the  ancients,  fee  Jones’s 
IdTay  on  the  Fir  It  Principles  cf  Philosophy.  See  alto  I)uten*$ 
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tion  of  our  own,  and  perhaps  modern  times  can 
find  none  fuperior  in  thefe  fciences  to  Archimedes t 
Euclid , and  Apollonius. 

Plato,  who  was  the  head  and  founder  of  the 
Academics,  and  who  was  without  doubt  the  greateih 
and  mod:  amiable  philofopher  among  the  Greeks, 
afferts,  <f  that  fire  and  heat  beget  and  govern 
all  things  ;”  where  he  defeends  to  particulars,  he 
accounts  for  the  animal  functions,  from  tin  inter- 
texture of  air  and  fire  ading  throughout  the  whole 
frame  of  the  body.  To  fire  he  aferibes  the  office 
of  expanding  within , and  ading  through  the  body 
outwards  ; while  the  element  of  air  comprejfes  from 
without , and  counterad.s  the  force  of  the  internal 
fire.  By  the  mini  fir y of  thefe  caufes,  and  the  im- 
poffibility  of  a vacuum,  a perpetual  circulation  is, 
as  it  were,  kept  up  through  the  motion  of  the  lungs 
in  infpiration  and  expiration.  He  imputes  the 
effeds,  obfervable  in  amber  and  the  loadftone,  in 
gravitating  and  projeding  bodies,  to  the  adion  of 
the  fame  elements.  For,  in  all  thefe  cafes,  he  ob- 
ferves,  there  is  really  no  fuch  thing  as  attradion ; 
•but  that  the  caufes  already  affigned  will  be  found, 
by  thofe  who  inquire  diligently,  to  effed  all  thefe 
wonders  of  nature  by  their  reciprocal  impulfes . 

In  another  place,  fpeaking  of  the  mediation 
.of  elementary  fire  and  light,  he  fays,  “ Thefe  are 
the  fecondary  and  co-operating  caufes , which  Cod 
makes  ufe  of  as  his  mjnifters  for  the  finifhing  and 
perfeding  of  his  \vork>  Molt  men  look  upou  thefe 
as  prifnary  caufes  of  all  things,  inafmuch  as  they 
occafion  heat  and  cold , can  effed  the  cohefion  and 
.diffoluiion  of  bodies,  and  perform  all  other  things. 

In  the  Timaeus,  he  Ihews,  by  ffrong  reafons, 
that  ff  it  is  neceffiary  corporeal  nature  lhould  be 
vifible  and  tangible  5 but  that  nothing  can  be  vi- 
sible without  hre,  or  tangible  without  fomething 
folid,  and  nothing  folid  without  earth.  Hence 
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the  Divinity  compofed  the  body  of  the  univerfe 
from  fire  and  earth ; but  it  is  impoflible  for  two 
things  alone  to  cohere  together,  without  the  in- 
tervention of  a third  ; for  a certain  collective  bond 
is  neceffary  in  the  middle  of  the  two.”  ff  But 
folids  are  never  harmonized  together  by  one,  but 
always  by  two  mediums.  Hence  the  Divinity 
placed  water  and  air  in  the  middle  of  fire  and 
earth,  and  fabricated  them  as  much  as  poflible  in 
the  fame  ratio  to  each  other;  fo  that  fire  might  be 
to  air,  as  air  to  water ; and  that  as  air  is  to  water, 
fo  water  might  be  to  earth.” 

" Water > when  it  lofes  it’s  fluidity  by  concre- 
tion, appears  to  become  ftones  and  earth ; but 
when  liquified  and  difperfed,  it  forms  vapour  and 
air.  Likewife  airy  when  burnt  up , becomes  fire . 
And,  on  the  contrary,  fire  becoming  concrete  and 
extind,  paffes  again  into  the  form  of  air,”  &c. 

And  thus  it  appears  they  mutually  confer  on 
each  other  generation  in  a certain  circular  pro- 
p-re ffion.”  Again,  " It  is  neceffary  to  underhand 
that  there  are  many  kinds  of  fire,  as  for  inhance, 
flame,  and  that  which  is  kindled  from  flame, 
which  burns  indeed,  but  exhibits  no  light  to  the 
eyes,  and  which,  when  the  flame  is  extinguifhed, 
abides  in  the  ignited  nature.”  Again,  “ l his  de- 
parture of  fire  we  denominate  refrigeration  ; but 
the  coalition  which  takes  place  when  fire  is  abfent, 
we  call  a concretion  and  a cold  rigidity.”  “ hire 
entering  into  the  void  ipaces  of  water,  as  watei 
into  thofe  of  earth,  influences  watery  in  the  fame 
manner  as  fire  influences  air,  and  becomes  the 
caufes  of  liquifadion  to  a common  body.”  * From 
thele  pafiages,  which  might  be  tuither  illuftrated 
and  confirmed,  we  find  that  the  ancients  wcie  not 

io-norant  of  latent  fire,  or  it’s  operations,  and  that 
° they 

* See  Taylor’s  Tranflation  of  the  Cratylus,  Parmenides,  and 
Timaeus  of  Plato, 
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they  difcovered,  by  obfervation  and  attention  to 
firft  principles,  the  principles  of  mind,  what  mo- 
dern philofophers  have  involved  in  obfcurity,  and 
overwhelmed  with  doubts. 

The  ancient  Platonifts  divided  nature  into 
two  parts,  one  of  which  was  attive,  the  other  pdf- 
five . They  held  it  impoflible  for  bodies  to  cohere % 
unlefs  they  were  kept  together  by  fome  force,  and 
it  was  neceffary  this  force  fhould  be  exerted  by 
fome  matter . In  diftingui  filing  the  feveral  ufes 
of  the  elements,  they  attributed  to  air  and  fire  the 
power  of  giving  motion,  and  caufing  effeds ; to 
earth  and  water , a paffivenefs  or  difpofition  to  re- 
ceive their  impreffion.  “ Heat  and  cold,  accord- 
ing to  Ocellus  Lucanus,  the  faculties  of  fire  and 
air,  are  the  caufes  and  efficients  ; the  drynefs  and 
moifture  of  the  earth  and  water  afford  them  ma- 
terials to  work  upon.” 

Zeno,  the  leader  of  the  Stoics,  taught  that 
Cf  nature  was  fupported  by  an  elementary  fire  dif- 
fufed  through  all  the  parts  of  it  ; that  there  is  no 
vacuity ; the  univerfe  being  fo  completely  united 
in  itfelf,  that  there  is  a connedion  and  harmony 
between  things  terreftrial  and  celeftial.” 

Hippocrates,  whofe  fentiments  upon  air  I 
have  already  communicated  to  you,  fpeaking  of 
the  element  of  fire,  affirms,  " that  it  difpofes  all 
things  in  the  body,  after  a manner  proper  and  ac- 
cording to  the  fimilitude  of  the  univerfe,  fo  that 
Email  things'are  like  to  great,  and  great  to  fmali ; 
that  it  is  mbft  powerful,  has  an  univerfal  domi- 
nion, and  governs  all  things  according  to  the  order 
of  nature;  while  itfelf  is  filent,  imperceptible  in 
it’s  operations,  and  in  perpetual  agitation.”  This 
opinion  will  difcovcr  to  you  the  whole  fecret  of 
the  Pagan  idolatry.  The  corrupt  philofophers  of 
the  heathen  world  Were  well  acquainted  with  the 
influence  of  thefe  elements  over  all  other  things; 

* > • and 
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and  being  ignorant  of  the  true  and  living  God, 
judged  it  impofjjble  that  air  and  fire  could  perform 
fuch  wondeps  unlcfs  they  were  divine,  and  there- 
fore worfhipped  them  univerfajly  £*s  immortal  and 
Intelligent*  Thus  alfo  the  Chaldaeans  filled  all 
fpace  with  air,  and  what  they  called  an  all-nou- 
rifhing  aether,  to  wjiich  they  joined  an  intelligent 
and  life-giving  fire. 

The  preceding  Lectures  have  fhewn  you  in 
what  manner  thefe  invifible  agents,  which  were 
deified  by  the  ancients,  are  ufed  by  Divine  Pro- 
vidence for  carrying  on  the  operations  in  nature  : 
you  have  feen  what  great  effedls  are  produced  there- 
in by  the  altion  of  the  elements  on  onf  another . 
Their  nature,  properties,  powers,  and  effects,  are 
the  genuine  objedU  of  phyfiological  inquiry,  and 
open  fo  large  a fund  of  entertainment  and  im- 
provement, that  the  fagacity  of  a Newton,  if  he 
were  to  live  for  a thoufand  years,  would  never  be 
able  to  exhaufl.  Already  the  knowledge  of  the 
natural  agency  °f  the  elements  has  been  produc- 
tive of  confiderable  improvements  in  arts  and  ma- 
nufactures. Indeed,  no  artificer  can  purfue  his 
craft  without  feeing  how  neceffary  the  elements 
are  to  aflifb  him  in  his  works,  and  how  inefficient 
manual  labour  wrould  be  without  their  concur- 
rence. Great  things  have  been  already  performed, 
and  much  more  may  be  effected  when  they  are 
farther  underflood  and  applied.  It  is  a capital 
diftinftion  between  natural  and  artificial  operations , 
that  nature  penetrates , while  art  flops  at  the  furface. 
Hence , if  you  yuould  work  as  nature  yv orks , you  mufl 
life  the  agents  which  nature  ufesfl 

You  mufl  alfo  have  obferved,  that  in  attain- 
ing one  fubjedl  of  knowledge,  you  acquired  aq 
jmperfedl  information  of  others,  concerning  w hich 
you  had  no  idea  before.  Hence  one  doubt  is  felr 

dom 


* Jones's  Phyfiological  Difquifitions; 
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dom  folved  without  creating  others.  In  your  pro- 
grefs  through  fcience,  you  will  often  clearly  apR 
prehend  what  remains  a myftery  to  others ; while, 
on  the  other  hand,  you  will  be  involved  in  diffi- 
culties they  cannot  difccrn, 

It  has  been  well  obferved  by  Dr.  Prieftley, 
that  no  philofophical  invefligation  can  be  faid  to 
be  completed,  which  leaves  any  thing  unknown 
and  dubioijs  on  the  mind.  But  fuch  is  the  necef- 
fary  connection  of  all  things  in  the  fyftem  of  na- 
ture, that  every  difcovery  brings  to  our  view  new 
objects  of  difquifition  and  inquiry.  The  greater 
the  circle  of  light,  the  more  extenlive  is  the  boun- 
dary of  darknefs. 

As  the  Divine  nature  and  the  Divine  works 
are  infinite,  you  may  promife  yourfelves  an  end- 
lefs  prqgrefs  in  the  invefligation ; for  the  volume 
of  the  univerfe  is  perfect  as  it’s  author,  and  con- 
tains mines  of  truth  for  ever  opening,  fountains  of 
good  for  ever  flowing,  or  an  endlefs  fucceffion  of 
brighter  and  mope  perfeCt  exhibition  of  the  power 
and  wfifdom  pf  our  great  and  glorious  God.*  Bu$ 
fuch  being  the  volume  of  the  univerfe,  and  fuch 
it’s  author,  do  not  prefume  to  judge  thereof,  with 
equai  folly  and  rafhnefg,  .from  q fingle  page  exhi- 
bited to  you,  or  to  fuppofe  that  a little  knowledge 
of  philofophy,  or  the  management  of  a philofo- 
phical apparatus,  can  ever  prove  detrimental  to 
religion,  or  injurious  to  our  cftablifhed  church  ; 
fuch  is  not  the  language  of  piety  and  learning,  but 
the  vapouring  fpirit  of  vanity,  and  the  delufive 
dictates  Qf  a felf-created  importance.  You  muft 
well  know,  without  any  information  from  me,  that 
the  ableft  advocates  for  free  inquiry,  and  the 
greateft  promoters  of  experimental  philofophy, 
have  beep  and  are  members  of  that  church,  which 
fas  been  lately  told  to  tremble  at  an  air-pump,  or 

an 

0 Hunter’s  Sermons  on  Pivine  Providence, 
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an  electrical  machine.  Notwithftanding  the  felfifh 
and  party  view  with  which  men  too  often  culti- 
vate the  fields  of  fcience,  you  may  ftill  difcover, 
in  every  inftance  of  it’s  progrefs,  fome  of  the  fteps 
of  that  vail  plan  of  Divine  Providence,  to  which 
all  things  are  converging;  namely,  the  bringing 
all  his  creatures  to  a ftatc  of  truth,  goodnefs,  and 
confequent  happinefs ; an  end  worthy  of  the  belt 
and  wifeft  beings,  and  which  we  may  perceive  to 
be  gradually  elfieCting,  by  the  advancement  of 
knowledge,  the  diffufion  of  liberty,  and  the  re- 
moval of  error,  that  truth  and  virtue  may  at  laft 
fhine  forth  in  all  the  beauty  of  their  native  colours. 
Eternal  love,  flow  as  it  may  feem  in  it’s  heps  to 
us  of  mortal  race,  is  umvearied  in  it’s  motions, 
and  inexhaufted  in  it’s  diftributions  j and  as  it  can 
never  ceafe  to  fhine,  it  fhould  never  fail  to  ani- 
mate you  with  it’s  prefent  influence,  and  the  fub- 
lime  and  glorious  profpeCt  of  it’s  increaling  ftrength 
and  ever-growing  fplendor. 
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FI  G G R E 1,  pl.ile  i.  is  a pci  fpe  £1 1 ve  view  or  a double  buytelled 
'iir-pump,  according  to  the  confbu&ion  of  the  Rev.  Mr. 
Prin  e of  MafTachulet’s  States,  America.  The  peculiar  advan- 
tages and  properties  of  this  conftruttion  have  been  already  ex- 
plained m the  appendix  to  Lefture  ill.  The  principles  of  ihe 
air-pump  nave  alio  been,  I hope,  fufficiently  elucidated  in  the 
Lectures  on  A>'r,  fo  that  I have  here  only  to  delcribe  the  appa- 
ratus delineated-  in  the  ieverai  plates  of  this  volume!  of  thefe 
the  air  pump  is  certainly  a mod  impoitant  inflrument,  not  only 
from  the  entertainment  it  affords,  but  alfo  for  the  light  it  throws 
upon  this  branch  offcience.  This  figure  reprefents‘the  air  pump 
with  a receiver  on  the  plate,  and  barometer  gage,  as  ready  for 
u 1 e 5 A , A ate  two  biats  barrels  in  which  the  piftons  move ; the 
barrels  communicate  with  the  receiver,  placed  on  the  p'aie  of 
the  pump  by  means  of  the  pipe  B,  C-,  and  canal  D,E;  the  Items 
or  rods  of  the  piftons  are  feen  at  F,  G;  each  of  thefe  is  con- 
nected. \\  ltli  a lack,  that  is,  a piece  having  teeth  on  one  fide. 
At  I there  is  a wheel,  whofe  teeth  take  into  thofe  of  the 
rack;  fo  that  by  turning  the  handle  H,  fixed  to  the  axis 
of  this  wheel,  one  way  or  the  other,  the  racks,  and  of  courfe 
the  piftons  connected  with  them,  are  alternately  raifed 
and  deprefled,  by  which  means  the  air  will  be  exhaufted  out  of 
the  receiver  K,  L,  the  tube  B,  C,  and  the  canal  D,  E,  which  as 
they  communicate  with  each  other,  may  ali  be  confidcred  as  one 
\ e flcl.  At  the  top  or  each  barrel  is  a plate,  on  which  is  a box 
m,  n,  containing  a collar  of  leathcis  ; through  this  the  cylindri- 
cal part  of  the  pifton  rod  moves,  a.r  tight ; o,  o is  the  place  of 
the  valve  on  the  top  plate,  into  which  a pipe  is  foldered  that 
conveys  the  air  from  the  valves  to  the  dutt  going  under  the  valve 

PUI1m>’  PrrcPre!ents  thc  valve-pump,  defigned  to  prevent  the 
preffurc  oF  the  atmofpherc  from  ailing  on  the  valve  on  the  mp- 
plate.  Qis  the  pifton-rod  of  this  pump,  R the  handle  by  which 
it  is  worked.  d is  a cock  to  cut  off  occafionallv  the  communi- 
fcanon  between  the  feceiVer  and  the  woiking  parts  of  the  pump. 
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There  is  a fcrew  at  S,  which  clofes  the  orifice  of  the  canal  D E 2 
by  unlcrewing  this  the  air  may  be  admitted  when  required.  Z 
is  an  oil-velfel  to  receive  the  oil  driven  over  by  the  aCtion  of 
the  pump.  It  may  be  proper  to  obferve  here,  that  there  fhould 
always  be  a fmall  quantity  of  oil  in  the  cups  of  the  boxes  m,  n, 
that  hold  the  collar  of  leathers  through  which  the  pifton  rod 
moves:  abcisthe  barometer  gage;  de  the  box  or  cittern  con- 
taining the  mercury;  there  is  a divided  box  fcale  affixed  to  the 
tube  to  alcertain  the  rife  or  fall  of  the  mercury;  a fmall  ivory 
tube  encompaffes  the  lower  end  of  the  glafs  tube,  and  float3 
upon  the  quickfilver  in  the  ciftern  ; the  upper  end  of  this  ia 
always  to  be  brought  to  coincide  with  the  lower  divifion  of  the 
box  fcale ; this  it  is  made  to  do  by  the  fcrew  underneath  the 
ciftern:  when  it  thus  coincides,  the  divifions  on  the  fcale  give 
the  true  diftance  from  the  furface  of  the  mercury  in  thebafon. 

F is  a key  for  tightening  or  loofening  the  ferews  of  the 
pump. 

Having  already  in  the  appendix  to  LeCture  III  explained 
the  principles  on  which  this  pump  a6ts,  I have  only  to  obferve 
here,  that  as  when  either  pifton  is  down,  there  is  a free  com- 
munication from  the  receiver  through  the  tubes  and  canal  to  the 
part  of  the  barrel  above  the  pifton  ; when  the  piflon  rifes,  it 
forces  out  all  the  air  above  it  through  the  valve  in  the  top  plate  ; 
and  as  this  valve  prevents  the  air  from  returning  into  the  barrel, 
when  the  pifton  defeends,  a vacuum  is  formed  between  it  and 
the  under  furface  of  the  top  plate;  as  foon,  therefore,  as  the 
pifton  has  defeended  below  the  holes  communicating  (by  the 
tubes  and  pipe)  with  the  receiver,  the  air  rufhes  therefrom  into 
the  exhausted  barrel;  on  the  next  afeent  of  the  pifton  this  air  is 
forced  out  as  before.  To  prevent  the  pifton  from  meeting  any 
refiftance  in  it's  defcent,  there  is  a valve  therein  to  allow  the 
air  to  pafs  through  as  the  pifton  defeends,  but  the  air  does  not 
neceftarily  depend  upon  a paflage  through  the  pifton  in  order  to 
get  into  the  barrel:  By  this  means  the  pifton  defeends  as  eafily 

as  in  any  other  conftruCtion,  while  the  valve  therein  does  not 
impede  the  rarifaCtion.  The  valve-pump  is,  as  has  been  before 
obferved,  ufed  to  take  off  the  preffure  of  the  atmofphere  from 
the  valve  on  the  top  plate  of  the  pump,  and  form  a more  per- 
fect vacuum  between  this  plate  and  the  pifton,  that  nothing  may 
prevent  this  inftrument  from  exhaufting  as  far  as  it's  expanfive 
power  will  permit: 

The  barometer  gage  abc,  which  is  ufed  to  mcafurc  the  cx- 
bauftion  of  the  receiver,  confifts  of  a tube  (divided  by  a fcale 
annexed  to  it,  of  inches,  and  fractional  parts  of  an  inch),  whofe 
higher  orifice  communicates  with  the  receiver,  the  lower  is  im- 
merfed  in  a ciftern  of  mercury. 

Before  any  exhauftion  has  taken  place,  the  mercury  in  the 
tube  and  ciftern  is  upon  the  fame  level ; and,  after  any  number 

of 
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of  turns  of  the  pump,  the  air  in  the  receiver  and  tube  is  equally 
rarified,  and  the  mercury  will  afcend  in  the  tube  till  the  weight 
of  the  column  above  the  furface  of  the  mercury  in  the  ciftern, 
and  the  elafticity  of  the  air  in  the  receiver,  taken  together,  be 
equivalent  to  the  weight  of  the  atmofphere ; and  if  the  altitude 
of  the  column  is  equal  to  the  ftandard  altitude,  the  vacuum  in 
the  receiver,  and  that  above  the  mercury  in  the  barometer,  are 
the  fame. 

Fig.  it,  plate  1,  is  a fyphon-gage,  which  is  occafionally 
fubftitutcd  for  the  barometer-gage.  Fig.  12,  plate  1,  is  the  pear 
gage,  defcribed  p.  116. 

Fig.  4,  5,  6,  7,  8,  are  different  kinds  of  valves.  In  fig.  4, 
the  hole  is  covered  with  a piece  of  oiled  filk,  which  is  confined 
loofely  to  the  top  of  the  plate,  fo  as  to  be  opened  eafily  by  the 
air  afting  from  beneath  ; fig.  5,  a hemifphere  of  brafs,  fitting  a 
concave  hemifphere',  this  has  been  occafionally  applied  in  pump 
■work  ; fig.  6,  a conical  valve,  this  has  been  applied  to  the  air- 
pump  ; fig.  7,  is  a flat  piece  of  brafs  lying  over  the  holes, 
through  which  the  water  is  to  pafs  ; it  is  prelerved  in  it's  pofi- 
tion  by  the  two  fide  pieces,  or  ears  g,  h,  through  which  the 
pins  1 k pafs;  fig.  8,  is  the  common  water*  valve,  confiding  of  a 
plate  arid  leather  hinge. 

Fig.  2,  plate  1,  gives  us  a view  of  the  common  table  air-pump ; 
A,  A,  are  the  two  barrels  of  brafs;  thefe  are  firmly  retained  in 
a perpendicular  fituation  to  the  fquare  wooden  table  EFGH,  by 
the  tranfverfe  beam  T,  T,  which  is  preffed  upon  them  by  the 
ferews  O,  O,  at  the  top  of  the  two  pillars  N,  N : from  the  hole 
in  the  center  of  the  pump-plate,  there  is  a perforation  or  canal 
in  the  brafs  piece  D to  the  fore  part  K,  where  a ferew  is  fixed 
to  let  in  air  occafionally:  from  the  above-mentioned  canal 
there  is  a perforation  at  right  angles  to  the  former,  going  to  the 
center  of  Lhe  bafis  of  each  barrel ; at  each  of  thefe  centers  a valve 
is  placed  opening  upwards  to  admit  the  air  into  the  barrels; 
there  is  a pifton,  fo  fitted  to  each  barrel,  that  the  air  cannot  pafs 
between  it  and  the  fides  of  the  barrel;  to  each  pifton  there  is  a 
valve  opening  upwards,  that  the  air  in  the  lower  part  of  the 
barrel  may  efcapc  through  them  into  the  common  air;  they  are 
alfo  conne&ed  to  a rack,  and  are  raifed  or  depreffed  by  a handle, 
the  lower  part  of  which  is  fixed  to  the  axis  of  a cog  wheel, 
whofe  teeth  take  into  the  rack ; one  pifton  is  raifed,  and  the  other 
depreffed,  by  the  fame  turn  of  the  handle. 

Two  barrels  are  advantageous,  not  only  as  performing  the 
work  quicker,  but  alfo  becaufe  the  weight  of  the  atmofphere, 
preffing  upon  the  riling  pifton,  is  counter-ballanced  by  the  fame 
weight  preffing  upon  the  other  pifton  defcending. 

I have  (hewn  you  in  the  Leisures  on  Air , that  the  operation 
of  air  depends  on  the  elafticity  thereof.  When  either  of  the 
piftons  is  drawn  upwards,  a vacuum  is  left  behind  it,  and  the 
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prcilure  being  thus  removed  from  the  valve  in  the  bottom  oT 
the  barrels,  this  valve  will  be  opened  by  the  elaflicity  of  the 
air  in  the  receiver,  and  the  air,  ruftnng  through  it,  will  be  uni- 
formly diffufed  through  the  receiver,  the  canal  connecting  this 
with  the  lower  va  ve  and  through  the  barrel.  Rut  upon  de? 
prefiing  the  piflon,  the  valve  at  the  bottom  of  the  barrel  will  be 
clofed,  and  the  air  there  n being  condenfed,  will  open  the 
valve  in  the  piRon  and  efcape  ; thus  the  air  contained  in  the 
barrel  is  dilcharged.  and,  by  every  turn  of  the  winch,  a quan- 
tity of  air  equal  to  the  contents  of  the  barrel,  and  equally  denfe 
with  that  in  the  receivers,  is  exhai  Red 

Behind  the  large  receiver  L M there  is  a fmall  plate,  for 
fu Raining  a fmall  receiver  P Q,;  from  the  hole  at  the  center  of 
this  plate  there  is  a canal  communicating  w ith  that  which  goes 
from  the  large  receiver  tq  the  barrels;  under  the  receiver  is  a 
fmall  bottle  containing  mercury,  a fmall  tube  filled  with  mer- 
cury, and  freed  from  air.  and  inverted  with  the  open  end  n 
the  me-cury : this  is  called  the  Jhort  baromeler-gage.  As  the  air 
is  taken  out  of  the  receiver  P O,  at  t e lame  time  as  it  is  taken 
from  the  larger  one  L M,  the  defeent  of  the  mercury  in  the  tube 
w’l!  point  out  the  degree  of  ranfaffion  in  the  iecv-ivers;  me 
mercury  does  not  begin  to  defeend  in  this  tube  till  near  three- 
fourths  of  the  air  have  been  extra&ed;  and  the  air  isfaid  to  be  as 
m*ny  times  rarer  than  the  atmofphere  as  the  column  of  mercury;, 
fuRained  in  this  tube,  is  lefs  than  the  height ; the  mercury  (lands 

at  that  time  in  a common  barometer. 

fig.  pl^re  j.,  is  a fmall  pump  with  a fing.le  barrel,  and 

two  plates,  one  for  receivers,  the  other  for  a fnort  oarometer- 
gaoe.  This  pump  afls  upon  the  fame  principle  as  the  one  ,.fl 
deferibed,  and  is  cor.Rru&ed  in  the  fame  manner,  excepting  that 
jt  has  only  one  barrel,  and  that  the  piRon  is  moved  merely  by 
the  hand  ; a defeription  thereof  mud  be  luperfluous. 

Fig.  16.  plate  i,  reprelents  a plate  with  a box,  containing  a 
collar  of  leathers,  and  a wire  adapted  to  Ride  through  this 

collar.  . . . . 

I have  {hewn,  p.  121,  that  when  accuracy  is  required  the 

receiver  fhould  not  be  placed  upon  leather,  either  o;led  or 
foaked  in  water.  I would  here  add,  that  in  all  caies  it  is  better 
to  rub  the  edre  of  the  receiver  with  a tallow  candle,  letting  the 
tallow  be  nearly  as  thick  as  a {hilling  thereon  I think,  that 
upon  the  whole,  this  method  is  lefs  dirty  and  difagreeable  than 
that  of  ufing  oiled  leathers;  for  it  is  eafy,  on  removing  the  re- 
ceivers, to  place  them  on  a fheet  of  paper  till  they  have  een 

cleared.  . 

With  refpeft  to  the  leathers  ufed  to  accommodate  the  re- 
ceivers to  the  plate  of  the  pump,  and  make  the  juntfmn  air- 
tight they  arc  either  (oaked  in  water  or  oil,  or  in  a mix  ure  0 
bees -wax  and  hog's  lard.  Either  foaked  leathers  or  tallow  are 
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to  be  placed  wherever  a plate  is  fitted  on  a ^receiver,  or  in  any 
cafe  where  two  pieces  are  to  be  joined  together  and  rendered 
air-tight. 

Experiments  to  shew  tiie  expansive  Power  or 
Elasticity  of  the  Air. 

Take  a bladder  and  prefs  the  air  out  of  it,  then  tie  the  neck 
clofe,  and  fufpend  the  bladder  under  a receiver,  place  the  re- 
ceiver on  the  plate  of  the  pump,  exhauft  it,  and  the  bladder 
will  be  expanded  and  blown  up  by  the  fpring  of  the  fmall  refi- 
duumof  air:  on  admitting  the  air,  the  bladder  will  fhrink  into  it’s 
former  fhape.  A bladder  thus  expanded,  after  the  air  is  with- 
drawn, is  reprefented  fig.  10,  plate  1. 

Two  experiments  are  generally  made  with  the  apparatus 
called  a bolt-head  and  jar,  fig.  18,  plate  1 ; it  conlifts  of  a glals 
bail  A,  of  about  an  inch  diameter,  with  a Item  from  3 to  4 
or  5 inches  in  length,  and  a fmall  bottle  or  jar  B,  filled  about 
two  thirds  with  water. 

Place  this  apparatus  on  the  pump,  and  cover  it  with  a 
receiver,  exhauft  the  air,  and  the  preffure  thereof  will  be  re- 
moved from  the  furface  of  the  water  in  the  bottle;  and  the  air  in 
the  bolt-head,  having  nothing  to  counteraft  it’s  exertions,  ex- 
pands and  efcapes  through  the  water  in  the  form  of'large  round 
bubbles  of  air.  Let  the  air  into  the  receiver,  and  it’s  preftuie 
on  the  furface  of  water  will  force  this  into  the  bolt-head,  for  as 
the  greater  part  of  the  air  was  taken  away,  the  fpring  of  the  re- 
mainder was  weakened ; it  therefore  yields  to  the  com* 
prefting  force  of  the  external  air  afting  on  the  water,  and  fuffers 
it  to  enter  till  it  is  fo  far  comprefled  as  to  be  equally  denfe  with 
the  external  air,  and  capable  of  exerting  the  fame  degree  of 
elafticity.  The  bulk  of  this  bubble  of  air,  compared  with  thp 
bulk  of  the  bolt-head,  fhews  what  portion  of  the  whole  quan- 
tity of  air  remained  after  exhauftion. 

Fill  the  bolt-head  almoft  full  of  water,  leaving  only  a very 
fmall  bubnle  of  air  ; then  inverting  it,  immerge  the  ftem  in  the 
bottle  of  water,  and  place  the  whole  under  a receiver:  on  ex- 
hauftion, the  fmall  bubble  of  air  will  expand  itfelf.  and  force  all 
the  water  out  of  the  bolt-head  ; the  prelfure  of  the  air  by  which 
the  water  is  retained  in  the  bolt-head  being  removed,  the  fpring 
of  the  air  exerts  itfelf,  and  expels  all  the  water. 

We  have  another  inftance  of  the  elaftic  force  of  the  air, 
and  it’s  action,  when  freed  from  incumbent  preffure,  by  the 
expanfion  of  the  bubble  contained  in  the  great  end  of  an  egg 
between  the  fkin  and  the  fhell  ; for  on  making  a fmall  hole  in 
the  little  end,  and  inverting  it  in  a glals,  the  bubble  of  air  will 
force  out  the  contents  of  the  egg  through  the  fmall  hole  in  the 
jiowpr  end. 
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Break  off  evenly  about  one  third  part  of  the  fhell  at  the 
fmall  end  of  an  egg,  and  let  out  the  white  and  yolk  ; you  will 
then  perceive  at  the  bottom,  the  bubble  of  air  that  lies  between 
the  fkin  and  the  fhell ; fet  the  egg  on  a fmall  glafs,  place  this 
upon  the  plate  of  the  pump,  and  a receiver  o-ver  both;  then 
exhauft  the  air,  and  the  air  in  the  fhell  will  fo  expand  itfelf  as 
to  raife  up  the  fkin,  fill  the  fhell,  and  make  it  refemble  an  en- 
tire egg.  This  will  fucceed  only  when  the  egg  is  new,  for  the 
elafticity  is  deffroyed  when  the  egg  is  ffale. 

Take  a fmall  fquare  glafs  bottle  whofe  Tides  are  very  thin, 
but  whofe  mouth  is  fo  clofed  by  a cork  covered  with  wax,  that 
no  air  from  within  can  efcape;  put  it  under  a receiver,  and  then 
exhauft  the  air  therefrom,  and  the  fpring  of  the  air  within,  not 
being  counteracted  by  any  external  force,  will  expand  itfelf  with 
fuch  force  as  to  overcome  the  fides,  and  burfl  the  bottle  in  pieces. 
In  making  this  experiment,  you  fhould  place  a piece  of  thick 
paper  or  leather  on  the  plate  of  the  pump,  to  prevent  it’s  being 
injured,  fig.  2,  plate  3.  If  the  fame  experiment  be  made  with 
the  bottle  and  a cage  over  it,  under  water,  the  fhock  will  be  fo 
great  as  to  fhake  the  whole  pump. 

Fig.  13,  plate  1,  reprefents  a glafs  veffel,  over  one  end  of 
which  a bladder  has  been  tied  ; it  is  placed  on  the  plate  of  the 
pump  with  a receiver  over  it ; when  the  air  is  drawn  out  of  the 
receiver,  the  fpring  of  that  included  in  the  veffels  ftretches  the 
bladder  fo  as  to  burft  it  in  pieces.  The  bladder  ufed  in  this  ex- 
periment fhould  be  thin. 

Plate  2,  fig.  6,  is  a number  of  heavy  leaden  weights,  kept 
fleady  by  means  of  a brafs  frame  with  three  pillars  ; they  prefs 
upon  abladder  half  blown,  and  placed  under  them  ; this  apparatus 
is  to  be  put  on  the  pump  with  a receiver  over  it;  on  exhaufting 
the  air,  the  expanfion  of  that  in  the  bladder  gradually  raifes  the 
jveights  ; on  admitting  the  air,  the  bladder  fhrinks,  and  the 
weights  deicend  to  their  original  fituation. 

On  the  Spring  of  the  Air  in  the  Pores  of  Bodies. 

Place  a fhrivelled  apple  on  the  plate  of  the  pump,  fet  a re- 
ceiver ov'er  it,  and  exhauft  t he  air  ; this  will  give  liberty  to  that 
which  is  within  the  pores  of  the  apple  to  expand,  and  fwellout 
the  fkin,  removing  it’s  fhrivelled  appearance;  on  letting  in  the 
air,  it  reaffumes  it’s  former  (late  of  decay. 

Fix  forne  lead  to  a piece  ofcoik,  fo  as  juff  to  fink  it  in 
water  ; when  this  is  placed  under  an  exhaufted  receiver,  the  air 
in  the  pores  of  the  coik  exparjds  foas  to  fwell  it,  and  thus  render 
it  lighter  than  water,  and  it  confequently  rifes  to  the  top  and 
fwims;  on  the  re-admiffion  of  the  external  air,  the  coik  is  pref- 
fed  down  and  finks  again;  the  globules  of  air  that  (land  upon 
the  furfacc  of  the  cork  afioid  a pleafing  fight,  they  appear  like 
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the  pearly  drops  of  dew  on  the  piles  of  grafs  ; they  difappear  on 
lctung  in  the  air. 

Put  fome  beer  or  ale  into  a tumbler,  and  place  it  under  a 
receiver  on  the  plate  of  the  pump  ; in  working  the  inflrument, 
the  air  in  the  beer  will  expand  itfelf,  and  rile  up  to  the  top  of 
the  jar  in  a large  white  head  of  froth:  this  frothy  appearance  is 
occalioned  by  the  tenacity  of  the  fluid,  which  prevents  the 
bubbles  of  air  from  efcaping  as  foon  as  they  rife;  when  the  air 
is  re-admitted,  the  air-bubbles  contract  and  fublide.  On  tailing 
the  beer,  you  will  find  it  has  loft  all  it’s  fpirit. 

In  the  fame  manner,  if  warm  water  be  placed  under  a 
receiver,  on  exhaufting  the  air  an  ebullition  will  take  place ; 
fmall  air-bubbles  will  fir  ft  rife  ; thefe  will  foon  be  fucceeded  by 
larger  ones,  moving  with  fuch  rapidity  as  to  agitate  the  water, 
and.  give  it  all  the  appearance  of  boiling. 

If  you  put  an  egg  into  a tumbler  of  water  under  a receiver, 
on  exhauflion,  you  will  fee  the  air  in  a very  beautiful  manner 
rife  in  fmall  jets  through  the  water  from  the  pores  of  the  egg. 
The  fame  appearances  may  be  pleafingly  obferved  with  other 
fubflances,  as  moll  vegetables,  or  a piece  of  wood  of  any  fort, 
when  immerfed  in  ajar  of  water  under  a receiver. 

Fig.  8,  plate  2,  repmfents  a fountain  that  is  made  to  a£l  by 
the  fpring  of  the  included  air.  It  confifls  of  a bottle  partly 
filled  with  water,  the  upper  part  is  occupied  by  the  air  which 
cannot  efcape,  as  the  cover  is  air-tight;  a glafs  tube,  long  enough 
to  reach  nearly  to  the  bottom,  is  cemented  to  the  brafs  cover; 
there  is  a fmall  hole  in  the  cover  diretlly  over  the  bore  of  the 
tube.  This  bottle  is  placed  on  the  plate  of  the  pump  with  a 
receiver  over  it.  When  the  external  preffure  is  leflened,  the 
included  air  will  fo  prefs  on  the  furface  of  the  water  as  to 
force  it  through  the  glafs  tube  and  hole  in  the  cover,  from 
whence  it  will  rife  in  a pleafing  jet  of  water. 

Fig.  7,  plate  2,  is  another  apparatus  for  the  fame  experi- 
ment; but  here  the  water  is  prevented  from  falling  on  the  pump 
plate,  by  means  of  the  glafs  cover  ab;  a fmall  hole  is  drilled  in 
this  cover  to  permit  the  efcape  of  the  air. 

Fig.  2,  plate  2,  is  a fmall  apparatus  afring  upon  the  fame 
principles,  and  defigned  to  illuftratc  the  fame  phenomenon; 
the  calk  is  nearly  filled  with  coloured  water,  on  the  top  of  the 
calk  is  a head,  from  the  mouth  a glafs  tube  proceeds,  palling 
through  the  calk,  and  terminating  a fmall  diftance  from  the 
bottom;  there  is  another  tube  from  the  neck  which  proceeds 
downwards,  and  enters  a fmall  way  into  the  barrel;  when  this 
is  placed  under  a receiver,  and  the  air  exhaufted,  the  fpring  of 
the  air  prelfing  on  the  water,  forces  it  up  the  tube  through  the 
mouth,  from  whence  it  defeends  by  the  other  tube  into  the 
barrel.  To  render  this  more  entertaining,  a bladder  is  tied 
under  the  neck  with  only  a fmall  quantity  of  air  therein;  this 

is 
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is  covered  with  a fmall  fhirt;  when  the  preffure  of  the  air 
removed,  the  bladder  expands  and  (wells  out  the  fhiit,  which, 
roan  ordinary  obierver,  ieerns  occafioried  by  the  liquor  drank 
by  our  Bacchus. 

Fig.  it,  plate  3,  is  an  apparatus  designed  to  fhew  that  the 
fpring  of  the  air  acts  with  a force  equal  to  the  preffure  of  the  air, 
by  railing  a column  of  mercury  to  the  fame  height.  A is  a 
bottle,  nearly  filled  with  quickfilver;  BC  a tube  on  which  a 
{crew  is  cemented,  to  (crew  into  the  top-part  of  the  bottle,  the 
lower  part  of  the  tube  defeending  nearly  to  the  bottom  thereof  s 
i)  F F.  is  a receiver  and  large  tube  to  go  over  this  apparatus, 
when  the  whole  is  placed  on  the  pump-plate.  You  will  per- 
ceive, in  proportion  as  you  exhauft  the  air,  that  the  mercury 
jifes  in  the  tube  by  the  Ipnng  of  the  included  air,  till  it  attains 
the  fame  height  as  the  mercury  in  the  barometer;  thus  proving 
that  the  Ipring  of  the  air  operates  with  the  fame  force  as  the 
preffure. 

In  the  jar  under  the  receiver,  fig.  13,  plate  2,  are  repre- 
fented  two  hollow  glafs  images,  with  fmali  balloons  of  glafs  over 
their  heads  ; thel'e  are  fo  far  filled  with  water  as  to  make  them 
fink  therein;  on  exhauffing  the  air,  they  rife  to  the  top  and  fwim; 
part  of  the  balloon  is  occupied  by  air,  which  expands  on  the 
removal  of  the  external  preffure,  and  drives  out  part  of  the 
water,  by  which  means  the  images  and  balloon  are  rendered 
lighter  than  the  water,  and  rife  accordingly;  on  re-admitting 
the  air,  the  water  re-enters,  and  they  fink  as  before. 

In  the  fame  manner,  a bladder  nearly  emptied  of  air,  and 
funk  by  a fmall  weight  to  the  bottom  of  a jar  of  water,  will, 
upon  exhautfion,  expand,  become  Ipecifically  lighter,  rife  to 
the  top,  and  fwim. 

Fig.  9,  plate  3.  reprefents  what  is  u finally,  but  very  impro- 
perly, called  the  lurigs-glafs.  A bladder  is  tied  round  a fmarl 
pipe  from  the  cover;  when  this  apparatus  is  placed  under  a 
receiver,  and  the  air  partly  withdrawn  from  the  bladder  through 
the  bole  at  a,  the  fpring  of  the  furrounding  air  in  the  bottle, 
which  cannot  efcapc,  comprefies  the  bladder;  when  the  air  is 
let  in,  the  bladder  expands  ; and  thefe  motions  have  been  fup=j 
poled  analogous  to  thole  of  the  lungs. 


Experiments  on  the  Pressure  of  the  Air. 

f l • ? | K ' M ^ 

Place  the  brais  cone  on  the  plate  of  the  pump,  and  covej?  i$ 
with  the  hand,  then  exhault  the  air  from  it,  and  by  this  meanq 
the  counter  ballance  being  removed  from  below,  the  air  w'il  prefij 
upon  the  hand  with  a vail  Weight,  and  a confiderable  part  of  the 
palm  will  be  forced  into  the  glafs,  and  thus  occafion  a fenfatior* 
©f  fucking.  Now  as  the  other  parts  of  the  hand  have  a greater 

preffwrQ. 

f 
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preflure  on  them  than  that  part  which  is  under  the  receiver,  and 
pxpofed  to  the  vacuum,  the  fluids  in  the  body  will  be  driven  to- 
waids  the  part  under  the  g'.afs,  and  caufe  this  part  to  Iwell  and 
be  ftretched  out ; but  this  is  alfo  increafed  by  the  elafticity  of  the 
air  contained  in  the  fl  (h,  which  will  expand  and  diflend  the 
flelh  when  the  external  preflure  is  removed. 

Place  a receiver  on  the  plate  of  the  air-pump,  exhauft  the 
air  from  it,  and  the  rect-iver  will  be  lo  prefled  down  againfl  the 
plate  by  the  external  air,  that  it  will  be  exceedingly  difficult  to 
feparate  it  from  the  plate  of  the  pump  without  re-admitting  the 
air;  this  will  not  appear  furprizing  when  we  confider  that  the 
glals  is  prefled  down  with  a force  equal  to  as  many  times  fifteen 
pounds  as  there  are  fquB'e  inches  w'hich  are  covered  by  the 
opening  at  the  bottom  of  the  receiver. 

To  prove  that  the  receiver  is  held  down  by  the  preflure  of 
the  air  on  it’s  external  furface,  and  not  by  any  fuftion,  in  fig, 
17,  plate  1,  you  have  an  apparatus  reprelented,  which  is  de- 
figned  to  prove  that  the  receivers,  &c.  are  not  confined  to  the 
pump-plate  bv  luftion,  but  by  external  prellure.  To  cfleft  this, 
the  an  is  firfl  exhaufted  from  the  two  receivers,  you  then  let 
down  the  Irnall  receiver  upon  the  plate,  by  means  of  the  wire 
pafling  through  a collar  of  leathers,  when  it  will  be  loofe  and 
eafily  removed,  but  on  letting  the  air  in  rapidly  it  falls  upon  the 
fmah  receiver,  and  fixes  it  upon  the  plate. 

F g.  14,  plate  1,  is  called  the  bladder-glafs.  A bladder  is 
tied  over  ihe  upper  end,  the  under  end  is  placed  on  the  plate 
of  the  pump;  by  exhaufling  the  air,  the  fpring  of  the  internal 
air  is  weakened,  the  bladder,  yielding  to  the  external  preflure, 
puts  on  a concave  figure,  and  this  increafes  till  the  ftrength  of 
the  bladder  is  overcome  by  the  incumbent  weight,  when  it 
burfts  with  a very  great  report. 

Fig.  15,  plate  1,  reprelents  a piece  of  thin  flat  window  glafs, 
placed  upon  a brafs  cone,  and  let  on  the  plate  of  the  pump; 
on  exhaufling  the  air,  the  glafs  will  be  broke  to  pieces,  like  the 
bladder  in  tne  preceding  experiment. 

lug.  2.  plate.  3,  fhews  the  mode  of  breaking  a thin  fquare 
glafs  bottle  by  the  preflure  of  the  air;  on  the  top  of  the  bottle  is 
a valve,  that,  when  the  air  has  been  extracted,  it  may  not  return  ; 
the  bottle  is  placed  on  the  plate  of  the  pump,  over  it  is  a wire 
cage;  this  is  coveted  with  a receiver;  the  air  is  firfl  to  be  ex- 
fiauffed,  and  then  fuddenly  admitted,  when  it’s  preflure  will 
break  the  bottle,  reducing  it  infiantly  into  very  fmall  pieces. 

Fig.  20,  plate  1,  is  Otto  Guerick’s  hemifpheres,  one  placed 
on  the  other;  the  joint  is  rendered  air-tight  by  a wet  leather 
placed  between  them,  or  by  a luting  of  tallow;  the  ferew  A is  to 
be  fere  wed  into  the  hole  at  the  center  of  the  pump-plate,  and  the 
flop-cock  placed  as  reprefented  in  the  figure,  that  there  may  be 
a free  communication  between  the  hemifpheres  and  the  barrels  of 

the 
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the  inftruments ; exhauft  the  hemifoberes;  then  turn  the 
cock  to  fhut  out  the  communication  with  the  open  air  ; when  it 
is  taken  off,  unferew  it  from  the  pump,  and  you  will  find  the 
hemiipheres  are  preffed  together  with  a very  extraordinary 
force,  a force  equal  to  151b.  for  every  fquare  inch:  this  of 
coutle  is  more  or  lefs  according  to  their  diameter.  To  invefli- 
gate  this  by  experiment,  you  may  make  ufe  of  a ftrong  ff eel- 
yard,  fee  fig.  19,  plate  1.  It  is  ufualto  ffate  the  preffure  at  1 51b. 
for  a fquare  inch.  If  the  diameter  be  four  inches,  the  area  is 
12.55  fquare  inches,  which  multiplied  by  15.  gives  about  188  lb. 

The  exhaufled  hemifpheres  will  fall  alunder  of  themfelves 
in  vacuo. 

Fig.  9,  plate  1,  is  a folid  fyringe,  that  is,  one  which  has  no 
hole  at  bottom  : a heavy  leaden  weight  is  fixed  to  the  bottom 
of  the  fyringe;  if  the  weight  be  drawn  down  in  the  open  air, 
it  will  be  forcibly  driven  back  by  the  upward  preffure  of  the 
sir;  but  in  vacuo,  where  this  preffure  is  removed,  it  will  de- 
icend.  The  handle  of  the.  pi  (ton  is  to  be  fufpended  from  the 
hook  belonging  to  the  plate  with  a collar  of  leathers. 

Fig.  22,  plate  1,  reprefents  the  apparatus  defigned  to  fhew, 
that  water  rifes  in  pumps  by  the  preffure  of  the  air.  1 he  part 
AB,  is  the  model  of  the  working  part  of  a common  pump  ; at 
the  lower  part  of  this  is  a brafs  plate  to  reft  upon  the  receiver 
C D ; from  the  center  of  this  plate  there  is  a glafs  tube  which 
defeends  into  the  jar  of  water  when  the  model  is  worked  ; be- 
fore the  air  is  exhaufled  the  water  flows  freely  from  the  Ipout, 
but  when  the  air  is  well  extrafted  none  can  be  obtained  thereby. 

Fig.  21,  plate  i,defigns  of  the  common  and  forcing-pump. 

Fig.  12,  plate  2,  reprefents  what  is  called  a transferer  ; it 
is  fixed  to  tne  pump-plate  by  means  of  the  ferew  B.  A re- 
ceiver is  placed  on  the  plate  of  the  transferer,  and  may  be  ex- 
haufted, by  turning  the  cock  C,  fo  as  to  open  the  communication 
between  it  and  the  pump;  when  exhaufled,  it  may  be  removed 
from  the  pump  by  turning  the  cock  at  right  angles  to  it’s  for- 
mer fituation,  to  prevent  any  communication  with  the  open 
air  when  it  is  removed.  To  make,  with  this  apparatus, 
an  artificial  fountain  in  vacuo  by  the  preffure  of  the  air  ; place 
a tall  receiver  on  the  transferer,  exhauft  it,  and  remove  the 
transferer  from  the  pump,  ferew  the  pipe  to  the  lower  part  of 
the  transferer,  immerge  this  pipe  in  water,  turn  the  cock,  and 
the  preffure  of  the  air  will  throw  the  water  up  into  the  receiver 

in  the  form  of  a fountain.  . . 

To  prove  that  the  mercury  in  the  barometer  is  fu  ft  lined, 
ufe  the  apparatus  fig.  it,  pi.  3,  already  deferibed  ; with  this 
difference,  that  the  i'maller  lube  that  enters  into  the  bottle  was 
ooen  at  top  in  the  former  calc  ; but  in  this  it  is  hermetically 
fealcd  ; there  the  tube  was  empty,  here  it  is  a barometer  con- 
taining the  mercury  Handing  in  it  at  the  proper  height  for  the  time  ; 
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the  lower  end  of  the  tube  being  immerged  in  the  mercury  in 
the  bottle,  place  the  apparatus  on  the  pump  ; on  exhaufting  the 
air,  the  mercury  will  gradually  defcend  till  it  is  on  a level  with 
the  mercury  in  the  balon  ; for  as  the  denlity  of  the  air  dimint  (lies, 
the  eiaflieity  decreales,  and  confequently  the  force  which  fup^ 
poited  the  mercury  decreales.  On  re-admitting  the  air,  the 
mercury  riles  to  it’s  former  height. 

Fig.  1 1,  pi.  3,  reprefents  what  is  called  the  double  transferer. 
This  has  been  fufRcicntly  deferibed  in  page  15.  Screw  the  end 
of  the  pipe  of  the  double  transferers  into  the  hole  of  the  pump- 
plate,  and  turn  the  three  cocks,  that  the  communication  may 
be  opened  between  all  the  three  pipes,  E,  F,  D D,  and  the  trunk  ; 
cover  the  plates  with  leathers  which  have  holes  at  their  centers, 
place  a clofe  receiver  upon  one  plate,  then  fhut  the  communica- 
lion  between  the  pipe  F,  by  turning  the  cock,  arid  exhauft  the 
receiver  ; then  turn  the  cock  d to  fhut  out  the  communication 
with  the  air,  and  unferew  the  apparatus  from  the  pump,  and 
ferew  it  on  it’s  wooden  foot;  then  put  a receiver  upon  the  other 
plate,  this  receiver  will  continue  loofe  on  the  plate  as  long  as 
it  keeps  full  of  air,  which  it  will  do  until  the  cock  be  turned 
again  to  open  the  communication  between  the  pipes  and  through 
the  tube;  and  then  the  air  in  the  receiver  having  nothing  toaefc 
againft  it’s  fpring,  will  flow  until  it  is  fo  divided  between  the 
receivers  as  to  become  of  equal  denfity  in  both,  and  they  will  be 
held  down  with  equal  forces  to  their  plates  by  the  incumbent 
preflure  of  the  atmofphere  ; though  each  receiver  will  be  kept 
down  with  only  half  the  force  that  prefled  upon  the  firft,  when 
it  was  exhaufled  of  air,  becaufe  it  has  now  one  hail  the  common 
air  which  filled  the  other  receiver,  when  it  was  fet  upon  tho 
plate;  and  therefore  a force  equal  to  hall  the  force  cf  the  fpring 
of  the  common  air,  will  aft  within  the  receivers  againft  tho 
whole  preflure  of  the  atmofphere  on  the  outfide. 

Miscellaneous  Experiments. 

Set  a clean  receiver  upon  the  plate  of  the  pump,  and  begin 
to  exhauft  it  ; then  hold  a candle  to  the  fide  of  the  receiver op- 
pofite  to  your  eye,  fevcral  colours  like  a halo  will  appear  about 
the  candle;  thefe  colours  are  perceived  at  the  beginning  of  the 
exhauflion  ; the  appearance  is  occafioncd  by  the  vapour  which 
riles  from  the  wet  leathers,  and  the  refraction  of  the  light  through, 
thefe  vapours. 

Fig.  5,  pi.  3,  reprefents  the  pipe  for  burnt  air;  place  this 
On  the  top  of  an  open  receiver,  and  exhauft  the  air  as  ufuai  ; 
then  place  the  end  of  the  pipe  in  the  middle  of  a charcoal  fire, 
and  open  the  cock  ; the  deleterious  air  from  the  charcoal  will 
then  pafs  through  the  pipe  into  the  receiver  : remove  the  pipe 
from  the  receiver,  and  let  a fmall  piece  of  wax  taper  down  into 
it,  which  will  immediately  go  Ov.t. 


Place 
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Place  a candle  lighted  under  a tall  receiver  : on  exhaufling 
the  air,  the  candle  will  go  out,  and  the  flame  will  alcerid  to  the 
receiver. 

The  flame  would  be  foon  extingiiifhed  in  a clofe  receiver, 
though  the  air  is  not  exhaufted. 

The  frnall  apparatus,  fig.  6,  pi.  3,  is  to  be  placed  on  the  too 
of  a tall  receiver,  and  a red-hot  iron  laid  On  a Hand  upon  the 
pump  plate;  exhaufl  the  air,  and  then  let  fall  a few  grains  of 
gunpowder  on  the  iron,  where  it  will  melt  and  difTolve.  but  not 
flafh  and  explode  : the  receiver  fhould  be  again  exhaufted  beford 
any  more  grains  of  powder  arc  let  down. 

A B,  fig.  9,  pi.  2,  is  a ballance,  to  one  end  of  which  is  fuf- 
pended  a piece  of  lead  which  is  in  equilibrio  with  a piece  of  cork 
at  the  other  end  of  the  beam.  Place  the  beam  and  Hand  under 
a receiver,  and  having  exhaufted  the  air,  the  cork  will  prepon- 
derate ; for  as  it’s  bulk  is  greater  than  that  of  the  piece  of  leadj 
it  mud  be  mote  fuftained  by  the  air;  te-admit  the  air,  and  thd 
^equilibrium  is  re  ft  o fed. 

For  as  bodies  which  are  immerged  in  fluids  are  known  tc* 
Jofe  apart,  of  their  weight,  equal  to  the  weight  of  a quantify  of 
the  fluid  of  the  lame  bulk  with  the  immerged  body,  conlequent- 
ly  bodies  of  different  fpecific  gravities,  which  are  in  equilibrio 
in  air,  will  riot  be  fo  in  vacuo  ; for  here  they  will  gain  that 
Weight  which  they  loft  in  air,  and  the  body  of  the  greateft  bulk 
Will  gain  the  mod. 

Fig.  10,  pi.  2,  is  a more  elegant  apparatus  for  the  fame 
purpofe. 

Fig.  10,  pi.  3;  reprefents  the  guinea  and  feather  appa- 
ratus. 

When  the  air  is  exhaufted  from  the  receiver,  turn  the  milled 
nut,  and  the  piece  of  gold,  and  the  feather  which  lav  upon  the 
piece  underneath,  will  fall  at  the  fame  inftant,  and  deicend  in  the 
fame  time  to  the  bottom. 

The  eye  of  the  obierver  fhould  be  fixed  to  the  bottom  of 
the  receiver,  to  afeertain  accurately  the  coincidence  of  defc.cnt 
in  the  two  bodies; 

From  this  experiment  it  is  inferred,  that  bodies  are  attracted 
towards  the  earth  with  lorces  which  are  in  proportion  to  the 
quantity  of  matter  they  contain,  but  not  to  their  bulk  ; for  if  we 
luppofe  a guinea  to  contain  1000  times  more  matter  than  the 
feather,  it  will  require  1000  times  more  force  than  the  leather 
to  move  it  through  the  lame  fpace  in  tne  fame  time. 

Put  two  or  three  frnall  pieces  of  phofphorus  m an  equal 
but  frnall  quantity  of  a mixture  of  oil  of  vitriol,  oil  of  tartar 
per  deliquiuin.  and  oil  ol  cloves  ; this  mixture  will  flame  in  the 
open  air,  but  is  cafily  put  out  with  a little  water  : it  fhines,  boils, 
and  Qarnes  in  vatuo. 
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Write  upon  paper  with  folid  phofphorus,  and  then  lay  it  on 
the  plate  of  the  pump  with  another  piece  of  paper  under  it, 
place  a receiver  over  thefe  and  exhauft  the  air,  the  phofphorus 
will  gradually  brighten  in  a dark  room,  and  throw  up  a lucid 
cloud  to  the  top  of  the  receiver. 

Fig.  15,  pi.  2,  is  a common  bell  apparatus  for  fhewing  that 
air  is  a medium  ot  found.  Fig.  i 6,  a more  elegant  apparatus  for 
the  fame  purpofe,  as  it  is  fet  in  aftion  only  by  pulling  up  the 
wire  that  palfes  through  the  collar  of  leathers. 

Pi.  4,  fig*  11,  illuilrates  the  nature  of  echoes.  See 
page  178. 

Fig.  5,  6,  7,  8,  9,  10,  plate  4,  are  defigned  to  illuftrate  the 
motion  of  mufical  firings.  See  page  181. 

F.  14,  pi.  4,  reprefents  a fyphon.  Fig.  20,  pi.  3,  Tantalus's 
cup.  See  page  94,  95. 

Fig.  2,  pi.  4,  is  to  explain  the  caufe  of  intermitting  fp rings. 
See  page  96.  Fig.  4,  pi.  4,  an  apparatus  for  the  fame  purpofe. 
See  page  97. 

Fig.  1,  ph  4*  a bent  tube  to  iliuflrate  the  laws  of  the  air’s 
elafticity.  See  page  51; 

Fig.  3,  pk  4,  for  experiments  on  the  rarifa£lion  of  the  air 
by  heat.  See  page  66  and  67. 

Fig.  8,  pi.  3,  reprefents  the  apparatus  for  weighing  aif. 
It  confifts  of  a ftrong  copper  veflel  B,  a beam  A,  C,  and  a 
fland  for  the  beam.  To  exhauft  this  veflel,  unfefew  the  cap 
X),  then  ferewthat  end  of  the  veflel  to  the  hole  in  the  pump-plate, 
ivork  the  pump  till  you  find  by  the  gage  that  the  air  is  extrafted  ; 
you  may  then  unfefew  the  veflel,  put  on  it’s  cap,  and  fufpend  it 
to  the  beam.  The  difference  between  the  weight  of  the  vellei  now* 
and  before  it  was  exhaufted,  gives  the  weight  of  the  air  it  con- 
tains. The  air  cannot  re-enter  when  the  veflel  is  taken  from  the 
pump-plate,  bccaufe  there  is  a valve  at  the  upper  part. 

Fig.  7,  pi.  3,  reprefents  the  mode  of  flopping  a bottle  id 
vacuo. 

Fig.  21,  ph  3,  reprefents  an  apparatus  for  letting  any  pow- 
der or  liquid  into  a veflel  after  it  has  been  exhaufted. 

Fig.  22,  pi.  3j  an  apparatus  for  mixing  different  fluids  1$. 

vacuo. 

The  nature  and  ufe  of  the  three  foregoing  articles  m3y  be  fi> 
eaflly  conceived  from  the  relpeftive  figures,  as  to  render  a de- 
feription  unncceflary. 

Fig.  14, pi.  2,  is  a transferer  and  receiver,  placed  on  a large 
receiver,  in  order  to  produce  a vacuum  fuddenly ; for  this  purpofe 
the  under  one  is  to  be  exhaufted,  you  then  turn  the  cock,  and 
the  air  by  ruffling  out  of  the  fmall  receiver,  will  be  confiderably 
and  fuddenly  rat  ified  : the  degree  of  ratifaflion  will  be  in  pro- 
portion to  the  difference  between  the  capacities  of  the  two  re- 
ceivers. 


Condensing 
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Condensing  Machine. 

Fig.  i,  pi.  2,  reprefents  a cotidenfing  machine,  or  inflrumertf 
I©  comprefs  the  air.  A B is  a ftrong  glafs  receiver,  fit  to  re- 
ceive ancl  bear  the  preffure  of  the  air  when  conliderably  con- 
denfed.  C D is  the  lyringc  by  which  the  air  is  thrown  into  the 
receiver  : to  work  this  you  pull  up  the  pifton  above  the  hole, 
which  admits  the  air  to  enter  and  fill  the  barrel  of  thefyiinge  ; 
the  pifton  being  prefled  down,  forces  the  air  through  a valve 
at  the  bottom  of  the  barrel,  from  whence  it  paft'es  up  the  tube  into 
the  receiver,  but  cannot  return  on  account  of  a valve  at  the  bot- 
tom of  the  barrel.  E is  the  gage,  which  confiftsof  a glafs  tube 
open  towards  the  tube  F G,  but  hermetically  fealed  at  the  other 
end.  A fmall  quantity  of  quickfilver  is  left  in  this  tube,  which 
is  preflfed  towards  the  fealed  end  on  every  admiflion  of  air, 
and  therefore  determines  by  the  proportion  between  it’s  original 
diftance  from  F,  and  the  diftance  when  in  a Hate  of  com- 
prefifion,  the  proportional  denfity  of  the  included  air  to  that  of 
common  air  ; for  as  the  air  prefles  the  quickfilver  forwards,  it 
fhews  the  refiftance  of  the  included  air,  whole  denfity  is  always 
inverfely  as  the  fpaceit  occupies ; the  receiver  is  confined  down 
to  the  plate  by  the  tranfverfe  piece  G H,  which  is  maintained  in 
it’s  fituation  by  the  i'crews  IKLM  ; is  a thick  brafs  plate  to 
cover  the  top  of  the  receiver  ; it  is  furmlhcd  with  a wire  palling 
through  a collar  of  leathers.  Acage  is  fometimes  placed  over 
the  receiver  to  prevent  any  accident,  if  the  glafs  fhould  be  burnt 
by  the  receiver. 

pig.  pi.  3,  is  the  view  of  a fountain  which  is  made  to 
&a  by  condenfed  air;  there  is  a pipe  which  defeends  almolt  to 
the  bottom  of  the  veflel,  the  veflel  is  to  be  nearly  filled  with  wa- 
ter, then  the  ftop-cock  and  pipe  are  to  be  fcrewed  into  their 
place,  and  the  fyringe  fcrewed  on  the  flop-cock  ; by  this  you 
charge  the  veflel  with  air:  then  turn  the  cock,  remove  the  fy- 
ringe, and  place  either  of  the  jets  thereon.  The  fountain  is  often 
fur m flied  with  a bafon  to  receive  the  wade  watei. 

Fig.  19.  is  an  agreeable  jet  that  fupports  a ball  on  the  top, 
dancing  on  the  crown  of  the  jet.  Fig.  15  is  a jet  from  which 
the  water  fpouts,  io  as  to  form  a kind  ol  fluted  column.  1 ig.  12, 
1.1,  16  are  jets  of  different  forms.  On  the  top  of  the  fountain 
is  placed  a jet  in  the  form  of  a crofs,  the  lower  part  lerews  to  the 
fountain,  the  upper  part  has  eight  jets,  a,  b,  c,  d,  c,  f,  g,  h. 
The  jets  a,  b,  fpout  horizontally  ; the  jets  c,  d,  veiticau/ up- 
wards ; thereby  forming  two  fquares,  one  on  each  fide  of  t ie 
upper  part  of  the  crofs.  and  meeting  each  other  in  a point  m 
which  point  the  vertical  jet  is  prevented  from  mounting  higher 
by  the  a&ion  of  the  horizontal  jet,  while  this  is  alfo  prevented 
from  proceeding  horizontally  by  the  atlion  of  the  vertical  jet,  io 
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that  the  ftream  aflumes  a different  dirc&ion,  at  firff  intermediate 
but  afterwards  falls  into  a parabolic  curve.  1 lie  fame  may  be 
laid  of  the  other  vertical  and  horizontal  jets.  fig.  ^ p|#  2.  foun- 
tain of  command,  delcribed  page  2 1 . Fig.  4,  pi.  2,  the  anti-guggler, 
de (cr;bed  page  22.  Fig.  3.  pi.  2,  a double  funnel  ; it  is  ufually 
made  of  tin  doubled  ; it  is  hr ft  to  be  filled  to  the  brim  with  wa- 
ter, ftopping  the  end  of  the  pipe  with  the  finger  ; the  fluid  rifes 
at  the  lame  time  into  the  vacancy  or  hollow  between  the  plates  ; 
the  air  included  in  the  vacancy  pafling  through  a hole  which  is 
generally  concealed  under  the  handle,  this  muff  be  flopped 
when  the  machine  is  full,  and  continued  fo  till  you  think  fit  to 
diffolve  the  charm,  and  fet  the  water  confined  therein  at  liberty 
by  removing  the  finger. 

Fig.  21,  pi.  1,  reprefen's  models  of  the  common  houfeand 
forcing  pumps  : thefe  arc  fufficiently  delcribed  page  90.  Fig.  1 
and  2,  pi.  5,  Mr.  Smeaton’s  pyrometer,  fully  delcribed  page 
229,  &c.  0 

Fig.  3,  pi-  5»  the  Rcv-  Mr.  Win,  Jones’s  pyroftatical  in- 
flrument,  to  (hew  the  force  of  expanfion : A,  is  a bar  of  brafs  or 
iron  placed  vertically  between  the  tops  of  the  frame  d.  d.  d.  d 
and  the  fhorter  arm  of  the  lever  L;  the  reft  of  the  infi  rurnent  is  a 
compound  fteclyard  ; a fmall  weight  at  Y,  counterafting  a con- 
fiderable  force  at  X,  the  motion  of  the  fhorterarm  is  rendered 
Very  fen  fib  le  by  the  deal  rod.  Fig.  B,  a box  to  heat  the  bar 
A to  boiling  water.  Fig.  5,  a circular  heater  and  ftand  for  expe- 
riments in  vacuo.  Fig,  F,  an  iron  heater.  Fig.  C.  a vcffel  for 
weighing  the  force  of  froft.  Fig.  D,  an  occafional  lever  when 
the  veffel  is  ufed. 


Fig.  4,  pi.  5,  a thermometer. 

FiS-  5>  P1-  5>  an  colipilc  placed  on  a fmall  carriage.  See 
page  292. 

Fig.  6,  pi.  5,  reprefents  Papin’s  digefter.  A,  R,  C,  D the 
copper  veffel  ; A B,  the  cover  fattened  down  by  the  ferew’s  ; at 
E is  the  conical  valve,  which  is  kept  down  by  the  fteclyard. 
G,  H,  and  it’s  moveable  weight.  See  page  200.  ^ 

F,&-  7>  PF  5’  5S  3 Frn  a 1 1 inft  rurnent  for  il  lu  ft  rati  ng  the  nature 
of  evaporation  and  ebullition.  See  page  See  pa^e  q , 6 for 

an  account  of  this  inftfument.  Fig.  g,  pi.  s,  tlle  fame  mounted 
m a different  manner. 

Fig.  8,  pi.  5,  the  mode  of  mounting  large  burning  lenfes  S^s 
Page  393- 

In  plate  4,  Mr.  Lavoifier’s  calorimeter  is  reprefented  in  per- 
fpcftiveat  fig.  12.  It’s  interior  ftrufture  is  feen  fig.  , o and  14  the 
former  being  a vertical,  thelatteran  horizontal  fefition.  f f f f fi  T 
13,  the  interior  cavity,  into  which  the  fubffances  are  put  ’ b b 
b.  b,  fig.  13  and  14,  the  middle  cavity  to  contain  the  ’ice 
which  is  to  he  melted  : this  is  fupported  bv  the  errata  m m 
under  which  is  placed  the  fieve  n.  n.  Thefe  lwo°are  feen  fet 
para  t el  y at  fig.  15  and  16.  In  proportion  as  the  ice  is  melted 
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the  water  runs  into  the  conical  funnel  c,c,  d,  fig,  13  ; this  water 
rnay  be  retained  or  let  out  at  plealurc  by  the  Hop-cock  u,  y. 
The  external  cavity  a,  a,  a,  a,  fig.  14  and  15,  is  filled  with  ice  to 
prevent  any  efletl  from  external  heat  on  the  ice  in  the  cavity 
b,  b,  b,  b.  l'ig.  17.  the  lid  to  cover  the  machine.  T he  fubfiances 
to  be  operated  on  are  placed  in  the  thin  iron  bucket,  fig.  18,  the 
cover  of  which  has  an  opening  fitted  with  a cork,  into  which  a 
i'mall  thermometer  is  fixed.  When  acids  aie  ufed,  they  are  put 
into  i glafs  veffel,  as  fig.  19,  which  has  alfo  a thermometer  fitted 
no  it’s  neck.  Fig.  21  is  tire  interior  cavity.  Fig.  22,  the  lid 
to  ditto.  See  page  253, 

Apparatus  for  Elastic  Fluids. 

The  tub  or  trough,  hg.  1 , pi.  6,  is  fufficient  for  every  ope- 
ration that  can  be  pei  formed  with  water  ; at  the  end  A B of  the 
tub  is  a fhclf.  The  receivers,  jars,  &c.  are  to  be  filled  firft  with 
water  in  the  deep  part ; and  then  being  turned  with  their  mouths 
downwards,  aie  to  be  placed  upon  the  fhelf.  The  water  in  the 
tub  is  always  to  be  about  half  an  inch  or  more  above  the  (helf. 
a is  a {mail  phial,  into  the  neck  of  which  is  fitted  a bent  tube  ; 
the  end  of  the  tube  that  fits  the  bottle  is  ground  fo  as  to  be  a 
complete  Hopple  ; the  eladic  fluid  generated  by  any  procefs  in 
the  phial,  pafifes  through  the  tube,  and  rifing  up  into  the  jar, 
drives  out  the  water;  by  this  means  you  fill  ajar  with  fuch  a 
quantity  of  air  as  will  be  convenient  for  your  experiments. 

Fig.  3.  pi.  6,  reprefents  a marble  trough  for  operating  with 
mercurv.  Fig.  4,  is  a feftion  of  the  trough,  with  a receiver 
Handing  in  it’s  place,  f,  f,  f,  meafures  which  have  a known 
propoition  to  each  other  ; g,  g,  g,  arc  graduated  tubes  for  eudio- 
mctrical  experiments. 

Dr.  I*i  lefllev  lavs,  the  mod  accurate  manner  of  procuring 
air  from  many  fubdances  by  beat,  is  to  put  the  m,  if  they  will  bear 
it,  into  fuch  phials  as  a,  <2,  a.  full  of  quickfilver,  with  their 
mouths  immerfed  in  the  fame  fluid,  and  then  throw  the  focus  of 
a burning  mirror  upon  them  : for  this  purpofe,  the  bottoms 
fhould  he  thin,  that  they  may  not  be  liable  to  break  on  a hidden 
application  of  heat. 

Fig.  b,  pi.  6,  a common  glafs  phial,  with  a ground  Aopple 
having  many  holesin  it.  'I  his  is  ufeful  for  conveying  any  fluid 
or  air  contained  in  il  through  water  into  a jar,  Handing  with  it's 
mou  h inverted  in  it,  without  admitting  any  mixture  of  com- 
mon air. 

Fig.  2,  a phial  fufficient  for  any  purpofe  that  does  not  re- 
quire more  heat  'ban  thv  flame  of  a candle.  If  it  is  to  be  put 
into  a crucible  placed  on  the  fire,  the  tube  in  which  thegiound 
flonple  terminates  mu  ft  be  longer,  as  a*,  e.  A long  phial,  ufelul 
for  many  pu’  pofes,  is  feen  a’,  d. 


Fig. 
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Fig.  6,  plate  6,  a ufeful  apparatus  for  making  a quantity 
of  air  pais  through  a body  of  water,  or  any  kind  of  fluid ; the 
air  enters  by  the  tube  which  goes  to  the  bottom  of  the  veflfel, 
and  is  delivered  by  that  which  is  only  inferted  at  top.  Dr. 
Priellley  fays,  he  has  frequently  had  occafton  to  ufe  a number 
of  thefe  vclfels  at  the  fame  time,  that  the  lame  air  may  pafs 
through  them  all  in  fuccelhon.  See  fig.  7,  plate  6. 

Fig.  8,  plate  6,  is  Mr.  Woulfe’s  apparatus  for  diftilling 
nitre,  confiding  of  a retort  a,  an  adopter  a receiver  c with  two 
orifices,  one  d for  the  difeharge  of  the  diddled  acid,  the  other 
t as  an  outlet  for  the  fuperabundant  vapour. 

Fig.  9,  plate  6,  a tin  vedel,  inclofing  another  of  iron  wire  ; 
the  outer  veifel  is  for  a charcoal  fire,  furrounding  the  inner  one, 
which  being  open  at  bottom  will  admit  the  upper  part  of  a glafs 
jar,  which  may  be  heated  equally  as  much  as  the  glafs  will  bear, 
without  giving  more  heat  than  is  necelfary  to  the  lower. 

Fig.  10,  plate  6,  a convenient  wooden  frame  to  fupport 
feveral  glafs  tubes  in  a bafon  of  water  or  quickfilver. 

Fig.  5,  plate  6,  the  apparatus  for  impregnating  water,  de- 
feribed  page  481. 

Fig.  11,  plate  6,  an  apparatus  for  invedigating  the  force  of 
deam ; it  is  deferibed  in  the  next  volume.  In  the  original  arrange- 
ment of  thefe  Lectures,  I defigned  that  thole  on  water  diould 
have  made  part  of  this  volume;  but  from  the  augmentation 
they  occafionally  received,  I found  it  neceffary  to  alter  this 
part  of  my  plan. 

fig.  12,  plate  6,  reprefents  an  apparatus  for  determining 
the  abfolute  gravity  of  the  different  gaffes. 

Fig.  12,  plate  6,  is  a large  balloon,  capable  of  holding  17 
or  18  pints,  or  about  half  a cubical  foot,  having  the  brafs  cap 
b c d e drongly  cemented  to  it’s  neck,  and  to  which  the  tube  and 
ftop  cock  f g is  fixed  by  a tight  ferew.  This  apparatus  is  con- 
netted  by  a double  ferew  to  the  jar  BCD,  which  muff  be  fotne 
pints  larger  in  dimenfions  than  the  balloon.  This  jar  is  open  at 
top,  and  is  furnifhed  with  the  brafs  cap  hi,  and  flop-cock  1m. 

I determine  the  exaft  capacity  of  the  balloon  by  filling  it 
with  water,  and  weighing  it  both  full  and  empty.  When 
emptied  of  water,  dry  it  with  a cloth  introduced  through  it's 
neck  d e ; the  lafl  remains  of  moifture  ate  to  be  removed  by  cx- 
haufting  it  once  or  twice  by  an  air-pump. 

When  the  w-cight  of  any  gas  is  to  be  afeertained,  this  appa- 
ratus is  to  be  ufed  as  follows  : fix  the  balloon  A to  the  plate  of 
an  air-pump  by  means  of  the  ferew  of  the  flop-cock  fg,  which 
is  left  open  ; the  balloon  is  to  be  exhaufted  as  completely  as 
pofTible,  obferving  carefully  the  degree  of  exhauflion  by  means 
of  the  barometer  attached  to  the  air  pump.  When  the  va- 
cuum is  formed,  the  flop-cock  fg  is  fhut,  and  the  weight  of  the 
balloon  determined  with  the  mofl  fcrupulous  exattitude.  It  is 

then 
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then  fixed  to  the  jar  BCD,  which  we  fuppofe  placed  in  water 
in  the  fhelf  of  the  pneumato-chemical  apparatus;  the  jar  is  to 
be  filled  with  the  gas  you  mean  to  weigh,  and  then  by  opening 
the  ftop-cocks  f g,  andlm,  the  gas  afcends  into  the  balloon, 
•whilft  the  water  of  the  ciftern  rifes  at  the  fame  time  into  the 
jar.  To  avoid  very  troublefome  corrections,  it  is  neceffary,  dur- 
ing this  firft  part  of  the  operation,  to  fink  the  jar  in  the  ciftern 
till  the  furfaces  of  the  water  within  the  jar  and  without  ex- 
actly correfpond.  The  ftop-cocks  are  again  (hut,  and  the  bal- 
loon being  unfcrewed  from  it’s  connexion  with  the  jar,  is  to  be 
carefully  weighed;  the  difference  between  this  weight  and  that 
of  the  exhauftcd  balloon,  is  the  precife  weight  of  the  air,  or  gas, 
contained  in  the  balloon.  Multiply  this  weight  by  1728,  the 
number  of  cubical  inches  in  a cubical  foot,  and  divide  the  pro- 
duft  by  the  number  of  cubical  inches  contained  in  the  balloon; 
the  quotient  is  the  weight  of  a cubical  foot  of  the  gas,  or  air, 
fubmitted  to  experiment. 

An  exaCt  account  muft  be  kept  of  the  barometrical  height 
and  temperature  of  the  thermometer  during  the  experiment;  a 
cubical  foot  is  eafily  corrected  to  the  ftandard.  The  fmall  por- 
tion of  air  remaining  in  the  balloon,  after  forming  the  vacuum, 
muft  likewife  be  attended  to,  which  is  eafily  determined  by  the 
barometer  attached  to  the  air-pump.  If  that  barometer,  for  in- 
stance, remains  at  the  hundredth  part  of  the  height  it  flood  at 
before  the  vacuum  was  formed,  we  conclude  that  one  hun- 
dredth part  of  the  air,  originally  contained,  remained  in  the 
balloon,  and  confequently  that  only  of  gas  was  introduced 
from  the  jar  into  the  balloon. 
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